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FOREWORD 


The  hardware  covered  In  this  report  was  developed  under  U5AF  Project 
3147,  Task  314701,  by  AiResearch  Manufacturing  Company,  a  Division  of  The 
Garrett  Corporation,  2525  West  190th  Street,  Torrance,  California,  In  response 
to  Purchase  Request  120143,  initiated  by  Aeronautical  Systems  Division,  Air 
Force  Systems  Command,  United  States  Air  Force.  This  research  and  development 
program,  for  a  Turbojet  Engine  Analyzer  System,  was  conducted  in  compliance 
with  Contract  AF  33(657)11503  covering  a  time  period  of  Hay  1963-July  1965. 

The  project  was  administered  for  Aeronautical  Systems  Division,  Directorate 
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Hollis  G.  Zerkle,  (ASNJD),  who  served  as  Air  Force  Project  Engineer 
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ABSTRACT 


This  report  describes  Turbojet  Engine  Analyzer  Systems  as  developed  for 
application  to  J75-I9W  and  J79-I5  engines.  Included  are  descriptions  and  design 
details  of  each  major  system  component.  The  theory  of  operation,  the  modular 
breakdown,  the  self-test  provisions,  and  the  adjustments  of  the  components  are 
presented.  Similar  material  is  included  on  the  System  Ground  Calibrator,  a 
piece  of  ground  support  equipment. 

The  system  is  designed  to  monitor,  analyze,  and  assess  complete  turbojet 
engine  performance  during  ground  and  flight  operations  for  the  purpose  of  detect¬ 
ing  required  maintenance  and  diagnosing  incipient  or  actual  failures. 

This  abstract  is  subject  to  special  export  controls,  and  each  transmittal 
to  foreign  governments  or  foreign  nationals  may  be  made  only  with  prior  appro¬ 
val  of  Deputy  of  Engineering,  Directorate  of  Propulsion  4  Power  Subsystem 
Engineering,  ASNJD,  Wr ight-Patterson  Air  Force  Base,  Ohio. 
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1.0  INTRODUCTION 


The  Turbojet  Engine  Analyzer  System  Program  Mas  Initiated  by  U.  S.  Air 
Force  Operational  Support  Requirement  (OSR)  322  in  Ju'y  1958.  That  document 
established  the  requirement  For  an  Engine  Analyzer  System  which  was  to  upgrade 
the  task  of  maintaining  aircraft  turbojet  engines.  The  desired  functions  were 
(l)  assessment  of  current  engine  condi tion,  (2)  diagnosis  of  malfunctions,  and 
(3)  predict fon  of  next  mission  confidence  and  time  until  maintenance.  It  was 
recognized  that  achlevemant  of  these  goals  of  assessment,  diagnosis,  and  pre¬ 
diction  would  logically  lead  to  achievement  of  the  overall  objectives  of  reduced 
meintenance  costs,  increased  operational  effectiveness,  and  Improved  flight  safety. 


The  program  has  been  characterized  by  an  orderly  development  progression 
under  USAF  control.  For  a  short  period  following  the  establ ishawnt  of  the  OSR, 
various  attempts  were  made  to  implement  the  requirement  by  the  most  simple, 
straightforwerd,  obvious  approaches.  While  these  were  valuable  efforts,  the 
results  were  insufficient,  end  in  1961  competition  was  bald  to  select  a  con¬ 
tractor  for  a  basic  study  program.  Saparate  and  parallel  studies  were  awarded 
to  The  Garrett  Corporation  and  to  Genaral  Electric  Company  to  determine  the 
feasibility  of  the  requirement  end  to  establish  the  basic  theory  behind  its  imple¬ 
mentation.  Both  studies  were  completed  In  mld-1962  and  both  concluded  that  the 
system  was,  in  fact,  feasible. 

A  major  objective  of  the  study  program  was  to  determine  what  engine  parame¬ 
ters  to  measure,  how  and  where  to  collect  these  data,  how  to  rapidly  and  auto¬ 
matically  Interpret  them,  and,  finally,  how  to  present  the  evaluated  results 
to  Air  Force  maintenance  personnel  In  optimum  fashion.  At  this  point,  a  second 
competition  was  held,  resulting  In  the  selection  of  The  Garrett  Corporation  as 
the  Phase  II  contractor.  Beginning  In  April  1963,  the  study  recommendations 
were  implemented  in  a  program  Including  final  hardware  design,  hardware  fabri¬ 
cation,  installation  on  two  F-1050  and  two  F-4C  aircraft,  finalization  of  digi¬ 
tal  computer  programs,  and  conductance  of  a  one-year  flight  test  program  and 
processing  of  test  data. 


This  report  describes  the  hardware  utilized  in  Phase  II  of  the  program. 
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evaluation  of  the  engine  analyzer  systems  and  describes  the  development  end 
application  of  data  processing  programs  for  analysis  of  engine  analyzer  data. 


2.1  iVsnera  i 

Tha  Turbojet  Engine  Analyzer  System  la  functionally  represented  In  Fig¬ 
ure*  i  and  2.  The  system  measures  Indicative  engine  operating  parameters  by 
means  of  the  network  of  transducers,  sensors,  and  switches.  The  signals  from 
these  devices  are  used  for  two  purposes.  The  Compucer/DI splay  monitors  cer¬ 
tain  jf  the  parameters;  If  any  of  these  operating  conditions  exceed  predeter¬ 
mined  limits,  red  flags  are  presented  on  the  face  of  the  Computer/Display  to 
Indicate  this  over-limit  occurrence.  The  Signal  Data  Translator  converts 
Input  analog  signals  Into  digital  signals  and  sequentially  feeds  them  to  the 
Recorder,  along  with  certain  parameters  calculated  by  the  Computer/DI splay, 
and  with  documentary  identification  data,  such  as  engine  serial  number  and  date. 
This  documentary  data  Is  manually  entered  Into  the  Engine  Analyzer  System  by 
means  of  digital  thumbwheels  on  the  face  of  the  Signal  Data  Translator.  The 
recorder  then  produces  a  record  on  magnetic  tape  of  the  measured  engine  opera¬ 
ting  conditions  throughout  the  flight.  This  tape  recording  can  be  processed  by 
a  digital  computer  facility  using  the  Turbojet  Engine  Analyzer  Data  Processing 
Program  to  yield  analyses  of  the  health  of  the  engine,  tts  performance,  and 
Its  efficiency,  to  find  trends  In  the  degradation  of  the  health  and  perfor¬ 
mance  of  the  engine,  and  to  extrapolate  these  trends  to  predict  future  engine 
efficiency,  performance,  health,  and  life  expectancy.  Figure  3  Is  a  block 
diagram  of  the  dcita  acquisition  and  processing  system.  Shown  are  the  data, 
equipment,  and  steps  Involved  in  making  an  engine  health  assessment  and 
diagnosis. 

As  evident  from  Figures  I  and  2,  two  Engine  Analyzer  Systems  have  been 
developed:  One  for  J75-I9W  engines  (F-I05D  aircraft)  and  one  for  J79-I5 
engines  (F-4C  aircraft).  They  will  be  referred  to  hereafter  as  the  F-I05D 
System  end  the  F-tC  System. 

2.2  Description  of  F-I03D  System 

The  F-I05D  Engine  Analyzer  System  comprises  one  Computer/Display,  one 
Signal  Data  Translator,  one  Recorder,  one  set  of  transducers,  and  Interconner 
jnn  r  ok  i  *•  £  t  £  1 1  rifts  f  find  cg»  tor  5 .  A  cowplsts  1!st  of  the  transducers 

Is  given  In  Table  I;  the  table  also  presents  salient  characteristics  of  the 
Engine  Analyzer  System  Including  the  part  numbers,  form-factor,  and  weight  of 
each  of  the  major  system  components.  Table  II  presents  the  power  requirements 
of  the  system  components.  Appendix  I  presents  complete  electrical  circuitry 
schematic  for  the  system  components. 

2.2.1  Transducers 


The  system  Includes  a  sat  of  transducers  which  measure  the  temperatures, 
pressures,  ON-OFF  switch  conditions,  fuel  flow,  and  spaed  (rptn)  which 
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the  following  types: 

1.  Variable  reluctance  transducers 

2.  Position  variable  resistance  transducers 


3.  Temperature  variable  resistance  transducers 

4.  Pressure  switches 


3 


EN61NI  TRANSDUCERS 


Figure  I.  Engine  Anelyzer  System  Functional 
Block  Olagrws  (J75-I9W  Engine) 
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Part 

Size  (Inches) 

Weight 

System  Components 

Number 

height  x  width  x  depth 

(lb) 

Computer/Display 

538254-1- ' 

7  by  6.5  by  9.88 

18.5 

Signal  Data  Translator 

538250-1-1 

5.5  by  5.25  by  12.5 

17.7 

Recorder 

538956 

5  by  II  by  II 

22.7  ^ 

TRANSDUCERS 

Afterburner  Switch* 

Anti -Ice  Switch* 

Oil  Breather  Pressure 

538947-2 

Compressor  Discharge 
Pressure 

538947-1 

Compressor  Discharge 
Temperature 

538952 

Compressor  Inlet  Pressure 

538362-1-1 

Engine  Pressure  Ratio* 

61-2484** 

Exhaust  Gas  Temperature 
Indicator 

538380 

Fuel  Flow  Transducer* 

61-2456** 

Ignition  Switch* 

Oil  Pressure  Switch* 

Oil  Pressure  Transducer* 

61-2479** 

1 _ = _ _ 

♦Engine  analyzer  system  uses  existing  aircraft  transducer  or  switch 
**Alr  Force  Equipment  Reference  Numbers  (AERNO) 

A  Includes  tape  and  reels 
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TABLE  I  ( Continued) 


System  Components 

Part 

Number 

Size  (Inches) 
height  x  width  x  depth 

Weight 

(lb) 

Oil  Temperature  Switch 

538948 

Oil  Temperature  Transducer 

538950 

Power  Lever  Angle 

538444-1-1 

Spool  Speed  (N.  and  N2)* 

61-8732** 

Inlet  Total  Temperature 

60-1625** 

Water  Injection  Switch* 

F-I05D  ENGINE  ANALYZER  SYSTEM  POWER  DATA 


Computer  Display  538254-1 
Inputs  of  115  v,  400  cps. 

-1,  S/N  44-R2 
and  28  v  dc) 

(All  measurements  made  with  nominal  i 

Quiescent 
(VA)  (PF) 

Slew 

1VA)  (PF) 

Self  Test 
(VA)  (PF) 

0A  See 

36.8  0.75 

37.4  0.75 

35.7  0.75 

KB  Sec 

7.3  0.78 

7.3  0.78 

7.3  0.78 

Sustained 

OC  Sec 

7.3  0.78 

7.3  0.78 

7.3  0.78 

0A  PRI 

D-C  PRI 

10.2  0.80 

6.5  w 

9.2  0.80 

9.8  w 

9.2  0.80 

9.8  w 

Start-Up 

end 

Shut-Down 

D-C  Sec 

14.0  w 

16.8  w 

25.5  w 

Signal  Date  Translator  538250-1-1,  S/N  34-R2  (All  measurements  made  with 
nominal  Input  of  IIS  v,  400  cps) 

0A  Sec 

12.7  VA 

PF  .9 

0B  Sec 

10.4  VA 

PF  .9 

Sustained 

4C  Sec 

10.7  VA 

PF  .9 

Recorder 
400  cps, 

538956,  S/N  104 
and  28  v  dc) 

(All  measurements  made  with 

nominal  Inputs  of  115  v. 

115  v 

OA  Sec 

1 .0  w 

28  v  dc  Sec 

32.0  w 

EGT  Indicator  54812  (not 

measured  value).  Powered  with  400-cps  power 

in  ua 

IV 

Sustained 

Shut-Down  And 

5<  Tsspsrstufs  switch#* 

6.  Indicators  (E6T) 

7.  Tach-generators 

8.  Synchro  output  transducers  (EPR,  fuai  flow) 

9.  Relay  contacts  and  limit  switches 

A  list  of  the  transducers  used  In  the  F-I05D  Engine  Analyzer  System  Is  Included 
In  Table  I  of  this  section.  This  table  Includes  the  weight  end  dimensions  of 
major  units,  In  addition  to  the  applicable  AIResearch  part  number  or  Air 
Force  Equipment  Reference  Number  (ASRNQ).  The  following  paragraphs  briefly 
describe  the  function  of  each  transducer. 

2.2.1. 1  Afterburner  (A/8)  Switch 

The  afterburner  signal  to  the  Computer/!?! splay  and  Signal  Data  Translator 
Indicates  that  the  A/B  switch  on  the  throttle  (cockpit)  has  been  activated.  A 
complete  description  of  the  A/B  system  Is  found  In  Air  Force  Flight  Manual 
T.O.  IF— 1  OSD— I ,  page  1-15,  and  Is  shown  *n  Figure  1-9  of  that  manual.  The 
analyzer  system  Is  Isolated  from  the  aircraft  afterburner  system  by  an  Iso¬ 
lation  relay. 

2.2. 1.2  Anti-Ice  (A/1)  Switch 

The  antl-lce  signal  Indicates  that  the  A/1  switch  In  the  cockpit  has 
been  activated.  The  Engine  Analyser  System  receives  this  signal  from  switch 
S - 2 1 4  on  the  aircraft.  The  wiring  diagram  of  the  A/I  system  Is  found  in  Air 
Force  technical  manual  T.O.  IF- 1 05D-2- 1 2,  page  1-84,  Figure  1-21. 

2.2. 1.3  Breather  System  Pressure  <Foll  fa)  T  rensducer 

This  transducer  measures  the  absolute  gas  pressure  In  the  oil  tank, 
bearing  sumps  and  N,  gearbox.  The  transducer  Is  a  variable  reluctance  type 
with  a  range  from  0  to  25  psla.  The  transducer  output  voltage  varies  from 
0  to  500  mv  at  400  cps  for  an  Input  pressure  change  from  0  to  25  psla  with 
a  load  of  20,000  ohms  across  the  output. 

2.2. 1.4  Compressor  Discharge  Pressure  (Pcd)  Transducer 

This  transducer  measures  absolute  pressure  at  the  discharge  of  the  com¬ 
pressor.  The  transducer  is  a  varlabla  raluctanca  typa  with  a  range  from  0  to 
310  psla.  Tha  transducer  output  voltage  varies  from  0  to  500  mv  at  400  cps 
for  an  Input  pressure  change  from  0  to  510  p<!i  with  a  load  of  20.000  shs! 
across  the  output.  The  output  signal  Is  then  supplied  to  the  Signal  Data 
Translator. 
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2.2. 1.5  Compressor  Discharge  Temooratura  (T  Transducer 

The  compressor  discharge  temperature  transducer  Is  a  variable  resistance 
element  made  of  platinum  wire,  and  has  a  temperature  range  of  ■'100*0  to  +500* C 
with  a  nominal  resistance  of  50  ohms  at  0*0.  The  probe  tip  has  an  applied 
operating  pressure  of  0  to  500  psla. 

2.2. 1.6  Compressor  Inlet  Pressure  (P  )  Transducer 

The  compressor  Inlet  pressure  transducer  utilizes  a  servoed  force-balance 
sensor  and  provides  output  voltages  proportional  to  the  natural  logarithm  of 
absolute  pressure,  switching  action  occurring  at  certain  t I me -rates -of -change 
of  the  logarithm  of  absolute  pressure,  and  a  voltage  proportional  to  absolute 
pressure. 


2. 2. 1.7  Enolne  Pressure  Hatlo  (EPft)  Transducer 

The  EPR  transducer  Is  a  pressure  ratio  synchro-style  thrust  transmitter 
type  MK-2).  Dual  outputs  are  provided  as  follows  from  one  synchro  to: 

a.  An  Indicator  with  a  range  of  1.2  to  3.4  units  (type  MR-1 )  In  the 
cockpit 

b.  An  Input  to  the  SDT  Scott  "T"  transformer 

2.2. 1.8  Exhaust  Cas  Temperature  (EGT)  Transducer 

The  exhaust  gas  temperature  system  consists  of  existing  Chromel-Alumal 
thermocouple  probes  In  the  engine  that  actuate  a  single-point  nul 1 -be lancing 
type  Indicator  In  the  cockpit.  The  Indicator  In  turn  provides  four  output 
signals  to  the  engine  analyzer.  The  four  outputs  are  two  potentiometers 
(pots)  and  two  switches:  switch  "A"  closes  at  752°F  (400°C)  for  hot  start 
and  switch  "B"  closes  at  I300*F  (704*C)  for  In-flight  overtemperature;  pot  V 
Is  a  log  function  of  EGT  and  pot  "2"  Is  exponential  function  of  EGT. 
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2.2. 1.9  Fuel  Flow  (Wf)  Transducer 

The  fuel  flow  transducer  Is  a  remote  Indicating  synchro-style  rate  of 
flow  transmitter  (type  MA-l).  The  synchro  outputs  feed  the  following: 

a.  An  Indicator  with  a  range  of  400  to  24,000  pph  (type  MA-2)  In  the 
cockpit 

b.  A  resolver  In  the  C/0  fuel  flow  servo 

2.2.1.10  jqnl tlon  Swl tch 

The  Ignition  switch  signal  Is  obtained  from  a  slave  relay  on  the  aircraft 
(K-9)  located  in  relay  box  A-5.  The  complete  wiring  diagram  of  the  aircraft 
ignition  system  Is  found  In  Air  Force  T.0.  IF-I05D-2-I2,  page  1-89,  Figure  I-25A* 

2. 2.1. 11  01 1  Pressure  Swl tch 

The  oil  pressure  switch  is  a  dlfFerentlal-pressure-actuated  switch  used 
as  a  warning  device  to  Indicate  the  loss  of  turbine  engine  lubricating  oil 
pressure.  The  switch  provides  a  ground  signal  to  the  Compute r/D I  splay  upon 
loss  of  ol I  pressure. 

The  pressure  switch  has  a  pressure  and  vent  port  and  Is  actuated  by  the 
pressure  differential  between  ports.  When  oil  pressure  Is  above  38  (-*0,-3) 
psid,  a  diaphragm  in  the  switch  housing  maintains  the  switch  contacts  In  the 
open  position.  When  booster-pump  pressure  drops  to  31  (•*■! )  psl  and  below, 
the  diaphragm  closes  the  switch  contacts,  providing  a  ground  circuit  to  the 
master  caution  control  box.  The  pressure  switch  operates  as  follows:  on 
Increasing  differential  pressure,  the  switch  will  open  the  circuit  at  38 
(+0,-3)  psid  and  on  decreasing  differential  pressure  the  switch  will  close  at 
31  (*l)  psid. 

2.2.1.12  011  Pressure  (P. ..)  Transducer 

- oil  . 

The  oil  pressure  transducer  is  a  variable  reluctance  pressure  trans¬ 
mitter  (TRU-2Q/A).  The  output  signals  are  supplied  to  an  Indicator  (type  HO-2) 
in  the  ckpit  and  to  the  Signal  Data  Translator. 

The  TRU-20/A  Is  a  variable  reluctance  type  transmitter  having  only  one 
moving  part,  the  armature  that  moves  axially  through  a  pair  of  fixed 
hermetically  scaled  colls.  Oil  and  braathar  pressure  entering  the  transmitter 

inruugn  intir  respective  pOrtS  aCt  against  diiphrsgmi  connected  St  each  end 
of  the  armature  shaft.  When  the  oil  pump  Is  operating,  the  axial  travel  of 
the  armature  will  be  In  the  direction  of  the  lesser  pressure;  thus,  the 
values  measured  by  the  trensmltter  will  actually  be  the  differential  pressure 
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between  the  oil  pump  output  pressure  end  the  breather  pressure.  As  engine  oil 
pressure  enters  the  transmitter  it  deflects  the  diaphragm,  thus  changing  the 
position  of  the  armature  relative  to  the  flux  air  gaps.  This  action  changes 
the  relative  Inductance  values  In  the  two  halves  of  the  transmitter  coll 
causing  a  change  In  voltage  at  the  center  tap  of  the  Indicator,  The  oil- 
pressure  transmitter  Is  mounted  on  the  left  side  of  the  engine  on  the  acces¬ 
sory  gearbox  and  Is  accessible  through  Access  Door  FF -101. 

In  some  aircraft,  the  MH-5  synchro  output  transmitters  are  used- 

2.2.1.13  01)  Temperature  Switch 

The  oil  temperature  switch  Is  a  temperature  actuated  switch  used  for 
Indicating  excessive  oil  temperature  on  the  aircraft  engine  In  flight.  The 
switch  provides  a  ground  signal  to  the  Computer/Display  upon  excessive 
temperature  conditions 

2.2.1.14  011  Temperature  (Tqjj)  Transducer 

The  oil  temperature  transducer  is  a  clamp-on  and  adhesive  bonded  temperature 
transducer  used  for  measuring  the  oil  temperature  of  the  aircraft  engine  In 
flight  The  transducer  output  Is  a  variable  resistance  signal  supplied  to  the 
Signal  Data  Translator. 

2.2.1.15  power  Layer  Angle  (PLA)  Transducer 

The  power  lever  angle  transducer  Is  a  single  turn  precision  linear 
variable  resistor.  The  output  goes  to  the  signal  data  translator. 

2.2.1.16  Spool  Speed  (Nj)  Transducer 

The  spool  speed  transducer  N(  Is  a  miniature  electric  thrde-phase,  two- 
pole  a-c  tachometer-generator  (GEU-7/A). 

NOTE;  While  provisions  were  made  for  measuring  this  parameter,  the  tachometer 
pads  were  deactlvfltcd  on  the  J— 75  engines. 

2.2.1.17  Spool  Speed  (N-,)  Transducer 

The  spool  speed  transducer  Nt  is  a  miniature  electric  two-pole,  three 
phase  a-c  tachometer-generator  (GEU-7/A).  The  output  signal  goes  to  Computer/ 
Display  and  the  cockpit  Indicator,  type  ERU-5/A. 

2.2.1.18  Total  Temperature  (T«)  Transducer 

The  total  temperature  transducer  Is  *  dual  element  total  temperature  probe 
capable  of  operating  during  atmospheric  Icing  conditions.  The  dual  elements  are 
platinum  wire,  tempe ra ture- va r iab I e  resistors  which  have  a  nominal  resistance  of 
50  ohm*  at  0®C.  The  standard  F-I05D  tamparature  proba  (single  element)  Is 
replaced  with  a  dual  element  probe;  the  extra  element  Is  used  for  the 
engine  analyzer  system. 
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2.2, 1  .J9  Water  Injection  (WI )  Switch 


The  water  injection  signal  indicates  that  the  water  injection  switch  in 
the  cockpit  has  been  activated. 

2.2.2  Computer/Displav 

The  Computer/Di  splay  is  a  major  component  of  the  Engine  Analyzer  System. 

This  unit,  shown  In  Figure  4,  Is  located  on  the  F-I05D  In  the  CIN  compartment. 

The  Computer/0 i splay  presents  red-flag  indications  when  any  of  several 
engine  parameters  exceed  predetermined  limits.  The  flags,  once  tripped,  hold  the 
indication  magnetically  until  they  are  manually  reset  by  a  ground  crewman.  The 
device  also  presents  an  accumulated  total  of  the  engine  operating  hours,  and  of 
the  hot  section  growth  factors  (a  function  of  engine  time  and  temperature).  In 
addition  to  this  data  presentation,  the  Computer/0 1  splay  provides  some  of  the 
data  recorded  in  flight. 

The  front  face  of  the  Computer/D i splay  Is  shown  in  Figure  5.  The  in¬ 
dicators  are  grouped  according  to  parameter,  as  shown  in  the  figure.  The  con¬ 
trols  in  the  top  row  on  the  Computer/Display  are  the  calibration  adjustments  and 
the  self-test  switch.  The  calibration  adjustments,  which  are  normally  covered 
by  a  shield  to  prevent  any  accidental  change  In  adjustment,  are  used  to  adjust 
the  Computer/0 Isplay  for  engi ne-to-englne  variations.  The  self-test  provided  Is 
a  two-level  check  of  the  flag  display*.  The  calibration  adjustments  and  self- 
test  are  covered  in  detail  later  in  this  section.  The  history  card  on  the  front 
of  the  Computer/Display  shows  the  correction  used  for  finding  true  engine  operat¬ 
ing  time.  Instructions  for  Its  use  are  given  on  the  card. 

2.2.2. 1  Computer/D  I  splay  Theory  of  Operation 

a.  Summary  -  The  Computer/D Isplay  mechanizes  test  cell  and  thermodynamic 
performance  parameters  to  provide  a  go/no-go  assessment  at  shutdown  of  gross 
engine  health.  The  tests  are: 

1.  Starting  and  stopping 

a.  Hot  start 

b.  Slow  start 

c.  Fast  stop 

2.  Steady-state  engine  performance 

a.  Referred  fuel  flow 

b.  Engine  temperature  ratio 

3.  Maximum  limit  parameters 

a.  High  EGT 

b.  Engine  overspeed:  High  and  maximian 
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c.  Low  oil  pressure 
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d.  High  oil  temperature 

4.  Expended  hot  section  factors 

5.  Time  Data 

a.  Engine  time  since  overhaul 

b.  Elapsed  time  Indication 

Since  the  object  of  the  Computer/Display  Is  to  assess  gross  health  rather 
than  perform  engine  diagnosis,  it  considers  the  engine  In  Its  entirety  rather 
than  its  component  parts.  Table  III  shows  the  performance,  mechanical,  and 
maximum-limit  parameters  assessed  during  flight  and  their  test  conditions  and 
1 1ml ts . 

The  Computer/Display  contains  all  of  the  signal  conditioning  required  to 
make  it  an  autonomous  unit  from  the  Signal  Data  Translator  and  Reorder. 

Performance  Parameter  Checks  -  The  Computer/D! splay  continually 
compares  measured  values  of  fuel  flow  and  EGT  ratio  against  specified  perform¬ 
ance  to  assess  whether  the  engine  Is  working  within  tolerances.  The  computa¬ 
tions  are  standardized  to  sea-level  conditions  and  corrected  for  Reynolds 
number  effects. 

Maximum  Limit  Checks  -  Maximum  limits  exist  and  are  mechanized  for 
exhaust  gas  temperature,  spool  speed,  starting  time,  and  coastdown  time. 

Mechanical  Parameters  -  The  mechanical  parameters  checked  by  the 
Computer/Display  are  oil  pressure,  and  oil  temperature.  Provision  for  a  mecha¬ 
nization  of  a  check  on  oil  consumption  at  a  later  date  is  also  Included  in  the 
Computer/01  splay. 

Signal  Flow  Diagram  -  A  signal  flow  diagram  of  the  Computer/Display 
Is  presented  as  Figure  6.  This  chart  graphically  illustrates  the  operation  of 
the  unit.  The  inputs  are  shown  with  the  ranges  of  the  input  devices,  the 
scale  factors,  and  applicable  ml  1 1 tary  specifications.  The  signal  conditioning 
which  is  performed  on  each  Input  and  the  uses  of  each  input  are  also  indicateed 
on  the  chart.  The  signals  required  for  each  of  the  reference  parameters  are 
shown,  as  well  as  a  tabulation  of  the  equations,  and  the  trip  points  of  each 
of  the  flags. 

Study  of  this  signal  flow  diagram  provides  a  working  knowledge  of  the 
operation  theory  of  the  Computer/Display .  The  chart  Indicates  which  ot  the 
engine  operating  parameters  affect  which  flags  and  the  point  at  which  each  flag 
shoul d  trip. 
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TABU  III 


COMPUfER/DlSPlAv  FLAG  CHARACTERISTICS 


To  si 

lest  Condition 

Failure  Triaaer  Level 

l  . 

S low  Star! 

Engine  starting  cycle 

f  r  tmi  i gn i t i on  or  10% 
i  pm  to  50%  rpm.  Locked 
on  t  the rea (  te r 

Greater  than  40  sec 

•) 

Fa* i  Stop 

Engine  shutdown 

50%  to  1 0%  rpm 

less  than  25  sec 

Respired  Fuel  Flow 

Steady-state  engine 
opetal ion,  non- 
af  1  erlnirn  i  ng,  non- 
watci  injection 
('pet  a  t  ion 

w;  -w;  f  >  .low; 

f  meas  f  ref  f 

ref 

4 

Engine  Tempera  (tire 

Rat  it' 

Steady-stale  engine 
operation,  non- 
afterburning,  non¬ 
water  injection 
ope  rati  on 

ETR  -  ETR  -  >  .06 

meas  ref 

ETR  ref 

5 

High  FGT 

a.  Hot  Start 

Engine  starting  cycle 
(o  50%  rpm.  Locked 
out  thereaf  ter 

Greater  than  400®C 
(Thermocouple  time 
constant  prevailing) 

b  .  Obso  r  va  t ion 

Sirs  ta  i  nod  engine 
opera! ion 

Greater  than  704 

C 

Engine  over  speed 

o  -  Ma  *  i  mum 

Any  cond i t i on 

Greater  than  108%  Nj 

b .  No i ma  \ 

Any  cond i t ion 

Greater  than  106.5%  N? 

7 

Low  Oi 1  Pressure 

Nj  greater  than  90% 

Less  than  31  psid 

8. 

High  Oil  Temperature 

Any  cond i t ion 

Grea ter  than  1 21 °C 

9. 

Expended  Hot  Section 
Fac  tor  s 

EGT  greater  than 

I  572 °R  1 600°C ) 

Accumu la  t ion 

ee  e 
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b.  Transient  Engine  Performance  -  Three  test*  ere  dependent  on  engine 
starting  and  stopping  characteristics.  They  are: 


1. 

Hot  start 

2. 

Slow 

start 

3. 

Fast 

stop 

These  parameters  are  monitored  under  all  starting  conditions. 

Hot  Start  *  Hot  start  Is  monitored  In  the  Computer/Display  by  replac¬ 
ing  the  standard  EGT  Indicator  In  the  F-I05D  with  a  mod. fled  M1L-I-2729A  servoed 
indicator.  The  modification  consists  of  addition  of  two  switches  and  two  poten¬ 
tiometer*  to  the  servo  shaft.  The  switches  are  set  at  400°C  and  704°C,  and 
adjustable  *| 1 l°C. 

The  4Q0°C  switch  Is  used  to  signal  high  starting  exhaust  gas  temperature. 

The  704°C  switch  signals  high  operating  EGT.  One  of  the  potentiometers  pro¬ 
vides  the  hot  section  factors  signal  to  the  Compute r/D I  splay.  This  function 
Is  discussed  later  In  this  section.  The  other  potentiometer  supplies  the  log 
function  of  EFT  to  the  Computer/Display. 

The  400° C  starting  limit,  which  was  obtained  from  the  F-I05D  Flight  Manual, 
T.O.  I F- I 050- I  dated  15  July  1952,  appears  low  at  first  glance;  this,  however. 

Is  due  to  the  thermal  lag  associated  with  the  thermocouples. 

For  spool  speeds  less  than  50  percent,  the  hot  start  switch  Is  connected 
directly  to  the  high  start  EGT  flag.  Should  this  switch  close  under  these  con¬ 
ditions,  this  flag  will  drop. 

Location  of  the  switches  In  the  EGT  indicator  assures  that  all  hot  starts 
are  monitored  under  any  condition. 

Slow  Start  -  Slow  start  is  detected  by  monitoring  the  time  It  takes 
for  the  engine  to  accelerate  from  10  percent  (or  Ignition)  to  50  percent  rpm. 

The  limit  for  the  slow  start  measurement  Is  4Q  sec,  which  was  obtained  from 
Pratt  and  Whitney  Engine  Specif  1  cat  Ion  A-2637A  dated  15  July  1952 

Fast  Stop  -  Fast  stop  is  monitored  In  the  Computer/Display  by  clocking 
the  time  It  requires  for  the  engine  to  slow  down  from  50  percent  to  10  percent 
rpm.  A  failure  trip  will  occur  whenever  the  time  required  for  the  engine  to 
stop  is  less  than  25  seconds.  An  Interval  adjustment  provides  for  changes  £25 
percent;  This  adjustment  !*  not  accessible  from  the  Computer/Dl spley  front  face, 
which  precludes  ground  malntencnce  personnel  from  Inadvertantly  resetting  them. 

Cutting  off  the  speed  measurement  at  10  percent  Is  to  eliminate  the  effects 
of  windmilling,  and  engine  reaction  caused  by  local  wind  conditions. 
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C.  Steadv-State  Engine  Performance  -  Steady-state  engine  performance 
tests  are  made  for  the  two  referred  engine  parameters,  fuel  flow  and  engine 
temperature  ratio.  These  tests  are  predicated  upon  the  thermodynamic  properties 
of  the  engine  as  It  acts  as  a  hot  gas  generator. 

Steadv-State  Criteria  -  Limits  for  the  steady-state  engine  performance 
detection  have  been  set  by  reference  to  significant  transient  conditions  such 
as  engine  start,  engine  acceleration,  and  aircraft  climb  at  constant  Mach  number. 

Aircraft  climb  less  than  20,000  ft/s  n  at  sea  level  Is  a  conservative 
estimate  of  engine  steady-state  perforative.  The  simplest  and  most  accurate 
method  of  detecting  this  condition  Is  through  monitoring  of  compressor  inlet 
total  pressure  rate.  The  Computer/01  splay  ^tecr.anlzes  Ln  P  rate,  or 
d  Ln  P  11 

- -*1-  and  Is  set  at  0.06  log  units  per  minute.  Whenever  the  absolute  value 

of  the  rate  exceeds  this  limit,  the  Computer/Olsplay  is  locked  out  to  assure  that 
a  false  trip  of  the  failure  flags  does  not  occur. 

Engine  acceleration  Is  the  rate  of  change  of  spool  speed.  In  the  Computer/ 
Display,  the  spool  speed  rate  Is  based  on  the  amount  of  energy  that  is  required 
to  accelerate  the  spool.  The  threshold  is  set  at  a  conservative  2000  rpm/min. 
When  the  N*  rate  exceeds  this  value,  the  Computer/D  I  splay  is  locked  out. 

A  90-percent  spool-speed  lockout  Is  also  Incorporated  In  the  Computer/ 
Display.  The  90-percent  and  higher  power  settings  are  the  areas  where  engine 
data  is  significant  due  to  higher  stressing  and  operational  design  for  this 
area. 


Standardization  and  Correction  -  The  first  Computer/Display  operation 
Is  to  reduce  the  parameter  measurements  at  speed  and  altitude  to  standard  sea 
level  conditions.  The  necessary  pressure  and  temperature  corrections  are  com¬ 
puted  from  it  let  pressure  (P,  )  and  temperature  (T!  ). 

t* 

Fuel  flow  and  exhaust  gbs  temperature  are  both  influenced  by  P.eynolds 
number  effects  that  become  significant  when  operating  above  30,000  ft  at  low 
to  moderate  speeds.  The  necessary  corrections  are  computed  from  P  and  T^. 

Water  injection  operation  requires  that  the  thermodynamic  performance 

parameters  of  the  Computer/Oi splay  be  locked  out.  Although  P  transient 

^  8 

detection  at  takeoff  (water  injection  Is  used  from  takeoff  to  8000  ft  maximum) 
will  lock  the  Computer/Display  out  in  most  cases.  It  stay  not  lock  It  out  at 
the  beginning  of  takeoff  roll  where  P(  rate  Is  low.  To  assure  optimum 

Computer/Display  performance  without  false  flag  trips,  a  water  injection  lock¬ 
out  Is  provided.  The  signal  comes  directly  from  the  water  injection  pressure 
switch  on  the  water  Injection  caution  light  circuit.  The  comparison  is  locked 
out  until  water  Injection  ceases. 
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Engine  fuel  flow  and  exhaust  gas  temperature  also  depend  upon  the  exhaust 
nozzle  area.  The  J75-P-I9W  has  a  two-position  nozzle  that  has  a  small  area 
for  normal  operations  and  a  large  area  for  afterburner  operations.  The 
correlation  between  effective  nozzle  areas  and  measured  nozzle  area  is  ex¬ 
tremely  poor  during  afterburning  operation.  As  a  result  It  is  Impoi  'ble  to 
adequately  correct  the  fuel  flow  and  engine  temperature  ratio  compute  1  ions 
during  this  mode.  To  preclude  false  trips  of  the  fuel  flow  and  ETR  flags, 
the  comparison  Is  deactivated  during  afterburning. 

Steadv-State  Performance  Parameter  Computations  -  For  steady-state 
engine  operations,  the  Computer/Olsplay  continuously  compares  measured  values 
of  engine  temperature  ratio  and  referred  fuel  flow  with  that  scheduled  as  a 
function  of  referred  engine  spool  speed  when  corrected  for  bleed  losses  and 
Reynolds  number.  The  steady-state  logic  previously  described  deactivates  the 
computations  when  transients  are  encountered.  Steady-state  conditions  must  be 
held  for  10  seconds  (nominal)  for  engine  to  stabilize  before  the  computation 
Is  reactivated.  Deactivation  of  the  comparison  test  occurs  In  less  than  4 
seconds  when  transient  conditions  are  encountered. 


The  measured  fuel  flow  and  engine  temperature  ratio  must  exceed  their  ref¬ 
erence  limits  for  a  minimum  of  10  seconds  before  e  failure  flag  will  trip. 

Variations  from  engine  to  engine  within  a  given  class  can  cause  the  Nj 
reference  curve  to  shift.  To  allow  for  variations  in  transducers  and 
installed  engine  characteristics,  two  calibration  adjustments  are  provided  to 
allow  offset  of  the  curve  In  slope  and  In  displacement  by  10  percent.  Inde¬ 
pendent  adjustments  are  maintained  for  the  two  offsets. 

Data  for  the  reference  computations  was  derived  from  AFSC  F-I05D  Category 
II  Performance  and  Stability  Tests  TOR  61-47,  March  1962,  Appendix  3. 


The  referred  fuel  flow  over-limit  flag  triggers  when 


Wi  -  Wi  ,  i  0.10  Wi  , 

f  mcas  f  ref  f  ref 


where  ^  is  determined  from  the  following  computation 

\lf  ref  •  f|(Nj)  x  fj(RNI)  x  f*(Wb)  and  is  computed  by  the  Computer/ 
Wf 

Display.  * - - —  and  is  also  computed  by  the  Computer/Display. 

®t2  1  t2 

Table  IV  gives  inputs,  function  range,  and  slew  rates  of  parameters  for 
the  referred  fuel  flow  computation. 


The  engine  temperature  ratio  over- limit  flag  triggers  when 
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TABLE  IV 


J75-P- I 9W/F- |©5D  REFERRED  FUEL  FLOW  CONPUTER/DISPLAY 
INPUTS,  FUNCTION  RANGES  AND  SLEW  RATES 


Source 

HUH 

VH 

■ 

Fuel  flow  trans- 
ml tter,  Type  HA- I 
per  MIL-T-8275 

400  to  24,000 

pph 

NA 

Synchro-- 
25  pph/deg 
to  6K  pph 

200  pph/deg 
above  6K  pph 

Airframe  total 
temperature  probe, 
Rosemont 
HIL-P-27723A, 
MIL-5-27186-2 

390®R  (-57 °C) 

1 I00#R  (338°C) 

to  NA 

Plat! num 
wl  re  wl th 

50  O  re¬ 
sistance 
at  0°C 

Aircraft  tach¬ 
ometer  per  MIL-G- 
26611  Type  GEU-7A 

0  to  120  per¬ 
cent  of  N| 

NA 

Computer/Display 
servo  repeater 

0  to  20,000 
pph 

2000  pph/sec 

Computer/Display 
isolation  trans¬ 
former 

390®R  (-57 °C) 
to  II00*R 
(338°C) 

3°R/sec 

Force- balance 
pressure  trans¬ 
ducer 

1.6  to  36 
psia 

Equivalent  to 

In  P  rate 
t* 

range  I n  1 
minute 

Computer/D i splay 
servo  repeater 

0  to  I 20 
percent  N, 

25,000  rpm/ 
min 

Compu te r/D 1 sp 1 ay 

Ni  servo  repeater 

6000  to 

9500  rpm 

Compatible  to 
Nj  and  T.t 

Computer/Display 
RNI  servo 

C  to  0.6 

Compatible  to 

>nd  Tti 
rares 

where 


ETR  ref  -  f,(N i)  x  f i (RNI '  x  t,(Wb) 


and 


ETR 


meas 


These  calculations  are  performed  by  the  computer/display. 

Tab la  V  gives  Inputs,  function  range,  and  slew  rates  for  parameters 
for  engine  temperature  ratio  computation. 

d.  Maximum  Limit  Parameters  -  The  computer/display  mechanizes  maximum 
limit  parameters  of 

EGT  overtemperature 

Engine  overspeed 

Low  oil  pressure  (for  N  >  90  percent) 

High  oil  temperature 

limits  for  the  parameters  and  conditions  under  which  the  tests  ere  valid  are 
shown  in  Table  III . 

High  Operating  EGT  -  The  EGT  operating  overtemperature  limit  Is  set 
at  the  maximum  limit  with  hot  section  inspection  mandatory  should  the  limit 
be  exceeded.  To  preclude  loading  of  the  EGT  thermocouple  system,  the  limit 
switch  is  located  directly  on  the  servo  shaft  of  the  modified  HIL-I-27209-A 
servoed  EGT  cockpit  Indicator.  Closure  of  the  switch  wiii  provide  voitage  to 
the  failure  flag  in  the  computer/display,  dropping  and  latching  the  over-limit 
flag.  Provisions  are  made  to  internally  adjust  the  trip  level  by  ±111 °C .  The 
adjustment  is  inside  the  EGT  indicator  case.  Dynamic  response  of  the  system  is 
limited  by  the  thermocouples. 

An  interlock  with  a  50  percent  spool  speed  switch  on  the  N  servo  de¬ 
activates  the  detection  circuit  whenever  the  engine  is  below  50  percent  rpm, 
which  will  be  during  start  and  shut-down.  The  limit  is  706. 4°C  (see  the  hot 
s tar  t  d I scuss I  on) . 

Engine  Overspeed  -  Two  limits  are  monitored  and  display'd  to  test 
the  engine  for  overspeed.  The  lower  limit  (High  N)  requires  compressor  and 
turbine  Inspection.  The  higher  limit  (Max  H)  requires  removal  and  teardown 
of  the  engine.  The  limit  switches  are  on  the  N  servo  repeater  shaft  in  the 
compu te r /d I s p I a y . 

The  two  limits,  which  were  obtained  from  the  F-I05D  Flight  Manual,  T.O 
IF-IQ5D-I,  dated  15  July  1952,  are  106.5  percent  Nj  and  108  percent  N} . 
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TABLE  V 


J7b-P- I9W/F- IObD  ENGINE  TEMPERATURE  RATIO  COHPUTER/O I SPLAY 
INPUTS,  FUNCTION  RANGES  AND  SLEW  RATES 


mm 

Source 

Range 

■Kssa| 

KBs 

... 

See  Table  IV 

See  Table  IV 

... 

EGT  Indicator 
Modified  MIL- I- 
27209-A 

700°R  ill6°C) 
to  2350°R 
(|032°C) 

Al  rcraf  t  Tach¬ 
ometer  per  MIL- 
G-266 1  I  Type  GFU- 

7A 

0  to  120  per¬ 
cent  Nj 

NA 

Tti 

Computer/Display 
Isolation  Trans¬ 
former 

390°  A  f-57°C) 
to  1 I00°R 
(338°C) 

3°F  (|.7bC) 
per  sec 

N, 

Computer/Dlsplay 
Servo  Repeater 

0  to  120  per¬ 
cent  N2 

25,000 
rpm/mi n 

NJ 

Compu  te  r/D i spla  y 

N^  Servo  Repeater 

6000  to  9500 
r  pm 

Compa  1 1 b 1 e 
to  N2  and 

T, ,  Rates 

-j 

RNI 

Computer/C i sp lay 
RNI  Servo 

0  to  0.6 

Compatible 

to  P„  and 
t» 

T  ,  Rates 

Sea  le 
Factor 


See  Table 
IV 


Low  01  I  Pressure  -  Sub-normal  oil  pressure  at  cruise  or  higher  power 
levels  can  be  a  serious  problem  In  a  jet  engine  since  the  oil  functions  as  a 
coolant  well  as  a  lubricant.  The  Compel  ter/D I  splay  monitors  the  output  of 
a  pressure  switch  In  the  oil  tine  (a  pressure  transducer  is  used  for  the  Signal 
Data  Translator  Input). 

The  existing  low  oil  pressure  warning  switch  is  utilized  to  trip  the 
Computer/Dlspley  warning  flag.  Diode  Isolation  precludes  undesirable  loading 
effects  on  the  pilot's  Indication.  Characteristics  of  the  switch  are: 

Opens  for  P  . j  >  39  psid 

Closes  for  P  ^  <  23  psid 

The  low- limit  flag  is  Interlocked  with  a  90-percent  H*  switch  to  preclude 
nuisance  trips  due  to  low  oil  pressure  under  starting  and  shutdown  conditions. 

The  appropriate  limits  were  obtained  from  the  F-I05D  Flight  Manual 
mentioned  previously. 

High  Oil  Temperature  -  Oue  to  the  Importance  of  the  oil's  bearing 
coolant  function,  high  oil  temperature  Is  a  cause  for  concern.  Scavenge  oil 
temperature  is  monitored  as  a  limit  function,  with  the  limit  set  at  7I0°R 
(I2I°C),  which  was  obtained  from  the  F-I05D  Overhaul  Instructions,  T.0,  2J-75-3, 
dated  I  Nov  1 96 1. 

High  Oil  Consumption  -  Provisions  for  mechanizing  at  a  later  date  a 
flag  indication  whenever  the  oil  consumption  exceeds  a  predetermined  limit  are 
Incorporated  In  the  Computer/Display. 

e.  Expended  Hot  Section  Factors  -  Theoretical  data  exist  relating  "hot 
section  growth  factors"  to  the  exhaust  gas  temperature.  The  theory  is  that 
operating  at  elevated  temperatures  accelerates  the  aging  or  deterioration  of 
the  angina's  hot  section.  This  rate  of  expenditure  increases  with  temperature 
slowly  at  first  but  becomes  very  severe  as  temperature  increases.  The  validity 
of  this  theory  and  the  correlation  of  expended  life  values  to  engine  condition 
are  current1.'  being  evaluated  by  the  Air  Force.  Because  of  the  theory  behind 
the  concept  and  the  keen  current  interest  in  the  technique,  the  Computer/Display 
incorporated  circuitry  to  monitor  exhaust  gas  temperature  with  a  non-linear 
drive  and  timer.  The  engine's  accumulated  expended  life  factors  are  displayed 
on  the  face  of  the  Computer/Olspiay.  The  display  can  be  reset  with  the 
appropriate  engine  expended  life  in  the  event  of  replacing  the  engine  of 
Computer/Display. 


f •  Enaln«  Operating  Tlw«  -  Engine  Operating  Time  Is  monitored  by  actuat¬ 
ing  a  counter  whenever  spool  speed  exceeds  90  percent  Ns.  The  power  sequencing 
Is  accomplished  through  a  relay  drive  from  the  90-percent  switch  on  the  Nt 
servo. 

9‘  Comouter/PIsplav  Elapsed  T»wt  -  The  Computer/Display  elapsed  time 
will  be  accumulated  by  a  counter  driven  directly  from  the  Input  power  line  to 
the  unit.  Whenever  power  comes  on,  time  will  be  accrued. 

2. 2. 2. 2  Cowoutar/Displav  Modules 

The  Computer/rti splay  Is  phys I ca 1 1 y . composed  of  four  modules  and  the  chassis 
Figure  ?  shows  the  electrical  and  physical  layout  of  these  modules.  The  four 
modules  are  identified  as  the  Servo  Module,  labeled  S  In  the  diagrams,  the 
Self-Test  Module,  labeled  T,  the  Network  Module,  W,  and  the  Spool  Speed  Module, 
N.  The  chassis  mounted  parts  are  Identified  as  C.  The  block  diagram  In 
Figure  7  Indicates  the  electrical  layout  of  the  unit  and  the  extent  of  each 
of  the  modules  end  the  wiring  mounted  to  the  chassis.  The  exploded  view  shows 
the  physical  arrangement  of  the  modules.  The  front  and  back  panels  and  the 
supporting  base  compose  the  Computer/Display  chassis  and  are  Inseparable  In 
field  maintenance.  The  four  modules  are  easily  removed  for  checkout  end  for 
replacement. 


2. 2. 2. 3  Computer/DIsflev  Self-Test 

Self-test  for  the  Computer /Display  Is  actuated  by  the  switch  in  the  upper 
left  corner  of  the  Computer/01  splay  face,  shown  In  Figure  7  .  The  first 
position  of  the  switch,  marked  NO  TRIP,  simulates  e  normal  engine  operating 
condition  In  the  Computer/Display;  none  of  the  flags  should  drop  during  this 
phase  of  self-test.  Position  two  of  the  self-test.  Position  two  of  the 
self-test  switch,  marked  TRIP,  simulates  an  abnormal  operating  condition  in 
the  Computer/Display,  during  which  all  the  flags  must  drop. 

A  schematic  wiring  diagram  of  the  self-test  circuitry  Is  shown  in 
Figure  8.  When  the  self-test  switch  Is  turned  to  position  one,  NO  TRIP,  a 
set  of  input  signals  corresponding  to  e  typical  engine  operating  condition  Is 
applied  to  the  Computer/Display  by  resistive  dividing  networks  and  a  synchro 
(for  fuel  flow).  As  mentioned  above,  none  of  the  Computer/01 splay  flags 
should  drop.  Position  two  of  the  self-test  switch,  TRIP,  applies  a  set 
of  slgnels  corresponding  to  an  abnormal  operating  condition.  This  Is  sim¬ 
ulated  by  an  Improper  spool  speed  signal  for  the  other  operating  conditions. 
This  abnormal  condition  will  trip  both  the  high  consumption  flag  and  the  high 
engine  temperature  ratio  flags.  The  remainder  of  the  flags,  which  era  switch 
operated,  are  tripped  by  tha  position  "2"  self-test  circuitry.  All  the  flags 
should,  therefore,  trip  when  the  self-test  switch  Is  In  position  "2." 


Block  Diagram  and 
Computer/DI splay 


■Hill 


«*-*au4lfe, 


2.2. 2.4  Computcr/Displav  Calibration  Adjustments 

The  controls  for  the  calibration  adjustments  which  adapt  the  Computer/ 
Display  for  eng!ne-to-ertglne  variations  and  for  transducer  variations  are 
shown  In  Figure  9. 

2.2.3  Signal  Data  Translator 

The  Signal  Data  Translator  Is  a  second  major  component  of  the  Engine 
Analyzer  System.  This  unit  is  shown  In  Figure  10.  A  front  view  photograph 
of  the  Signal  Data  Translator  is  shown  in  Figure  10a. 


The  purpose  of  the  Signal  Data  Translator  Is  to  present  to  the  Recorder 
a  number  of  digital  end  analog  stgnali.  The  digital  signals  from  the  thunb- 
wheels  can  be  seen  In  Figure  10.  This  documentary  data  Is  composed  of  the  air¬ 
craft  end  engine  serial  numbers,  flight  number,  and  date;  the  twenty  thumb¬ 
wheels  can  be  seen  In  the  figure.  The  switch  Inputs,  e.g.,  afterburner  on  and 
water  Injection  on,  are  also  essentially  digital,  since  the  function  conditions 
are  represented  by  a  voltage  or  lack  of  voltage.  The  analog  signals  are  those 
from  the  engine  transducers. 

Table  VI  lists  the  Inputs  to  the  Signal  Data  Translator,  and  their  samp¬ 
ling  frequency,  while  Table  VII  lists  the  source  of  each.  The  analog  signals 
from  various  transducers  are  conditioned  to  a  zero  to  five  volt  do  standard- 
voltage  analog  format,  and  then  converted  to  binary  coded  decimal  digital 
format.  The  numbers  derived  from  the  BCD  conversion  then  time-share  an  output 
circuit  with  the  outputs  from  the  thumbwheels  and  on-off  air  frame  switches. 

Each  resultant  number  has  12  bits.  The  numbers  are  presented  to  the  recorder 
as  three  serial  digits  In  BCD  NRZ  format.  A  parity  bit  Is  computed  by  the 
Signal  Data  Translator  and  presented  with  each  BCD  digit. 

A  complete  record  of  all  Inputs  occurs  In  the  first  20  seconds  of  each 
minute.  Every  60  sec  Is  a  frame  end  every  1/48  of  a  second  Is  a  channel. 

A  complete  breakdown  of  the  frame,  channel,  and  record  Is  shown  In 
Figure  II. 

A  complete  record  occurs  In  the  first  20  seconds  because  the  hundreds 
digit  of  channel  01  receives  20  different  Inputs  from  the  20  SDT  thumbwheel 
switches.  One  of  the  20  SDT  thumbwheel  switch  Inputs  Is  sequenced  Into  channel 
01  during  each  record.  All  of  the  other  47  data  channels  are  completely  sampled 
over  during  each  second.  The  other  aircraft  switch  functions  are  recorded  on 
the  tens  and  units  digit  of  each  01  channel. 
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Figure  I Oa .  Front  View  Photograph  of 
Signal  Oata  Translator 
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TABU  VI 

PARAMETER  FREQUENCY  OF  SIGNAL  DATA  TRANSLATOR  OUTPUT 
F- 1 050  ENGINE  ANALYZER  SYSTEM 


An  t i * i ce 


T«wp*rttur«  I  |  j  lTr»Mfon*tr 


T*  ni  r*  Hitt 
ir.CUfc  V  A  i.  A 


F  105D  (J75  ENGINE) 


TIME  SEQUENCE  OF  SIGNAL  OATA  TRANSLATOR  OUTPUT 


IIIH  IAB1  E  SHOWS  WHAT  SIGNAIS  ABE  TO  BE  AETOMDEO  IN  EACH  l/ARTH  SECOND  T  HIE  SLOT 
CUBING  AN  ENTINE  MINUTE .  THE  SIGNAL  PATTEBN  IS  lOENUCAl  IN  EATH  SUCCESSIVE  MIMUTC, 


TIME  IN  SECONDS 
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Figure  II.  System  Timing  Diagram  Recording  System  Signal  Data  Translator 
end  Revorde’’ 


2.2.3. I 


Signal  Data  Translator  Theory  of  Operation 


A  schematic,  diagram  of  tha  Signal  Data  Translator  Is  shown  In  Figure  12. 

As  this  drawing  Illustrates,  the  Signal  Data  Translator  Is  functionally 
divided  Into  the  following  areas:  7l)  calibration,  signal  preconditioning 
and  a-c  signal  conditioning;  (2)  submultiplexers  and  multiplexer;  (i)  thumb¬ 
wheel  switches;  (4)  analog-to-dlgltal  converter;  (5)  signal  gate;  (6)  parity 
generators;  and  (7)  programmer  and  sequence  generator. 

The  system  uses  several  different  types  of  transducers  and  sensors,  e.g., 
synchros,  variable  reluctance  devices,  resistance  elements,  and  potentiometers, 
to  measure  the  various  engine  performance  parameters.  The  signal  data  trans¬ 
lator  furnishes  the  required  excitation  to  these  transducers.  The  signal  con¬ 
ditioning  transforms  the  signals  from  these  various  transducers  to  d-c  voltages 
In  a  0  to  +5v  range.  These  signals  are  sequenced  by  the  multiplexers,  and  con¬ 
verted  to  dlgftel  format. 

The  thumbwheels,  which  have  digital  outputs,  are  else  presented  sequentially. 
The  signal  gate  tlma-shares  the  output  with  the  converted  analog  signals,  the 
thumbwheel  signals,  and  the  Inputs  from  the  engine  and  airframe  switches  (l.e.. 
Ignition,  antl-lce,  afterburner,  and  water  Injection).  The  parity  and  NRZ 
generator  determines  the  parity  of  the  output  and  presents  the  output  and  Its 
parity  bit  In  NRZ  format  to  the  recorder. 

a.  Calibration  and  Signal  Preconditioners  -  Both  a-c  and  d-c  analog 
transducer  signals  and  calibration  voltages  arc  supplied  by  the  transducers. 

All  signals  must  be  converted  to  standard  0-5  v  dc  for  subsequent  conversion 
to  digital  format.  The  d-c  signals  and  calibration  voltages  are  preconditioned 
to  0-5  v  dc  by  simple  reslstlvo  dividers. 


The  a-c  signals  are  grouped  Into  three  sets.  Each  set  Is  preconditioned 
to  the  same  a-c  voltage  range.  Each  signal  of  a  given  set  Is  converted  to 
0-5  v  dc  by  an  a-c  conditioner.  The  a-c  signal  preconditioner  makes  use  of 
transformers  to  change  voltage  levels. 

The  preconditioning  circuits  also  provide  standard  calibration  signals 
which  perform  two  functions;  first,  they  verify  the  accuracy  (scale  factor 
or  gain,  and  null)  of  the  ADC  and  of  each  a-c  to  d-c  signal  conditioner; 
second.  In  the  case  of  the  e-c  conditioners,  they  enable  ground-based  date 
reduction  to  correct  for  transducer  scale  factor  errors  caused  by  variations 
In  the  115-v,  400-cps  line  supply. 


Several  different  types  of  transducers  and  sensors  supply  data  to  the 
Signal  Data  Translator.  Some  of  these  must  be  excited  by  the  SOT  Ir.  order  to 
provide  sem! standard ized  signals  which  can  be  handled  by  the  time— shared 
signal  conditioners.  The  following  paragraphs  describe  this  excitation  and 
the  preconditioning  required  to  provide  signals  which  may  be  either  directly 
connected  to  the  analog-to-dlgltal  converter  or  connected  to  one  of  the  three 
a-c  to  d-c  signal  conditioners. 
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Synchros  -  The  synchro  signal  Inputs  are  three  wire  delta  signals, 
the  three  voltages  being  spaced  120  deg  apart  (space  phase).  The  three-wire, 
120-deg  signal  Is  converted  to  a  four-wire,  90~deg,  resolver- type  signal  and 
recorded  as  two  perpendicular  components  of  the  synchro  angle  vector.  The 
conversion  Is  accomplished  with  two  Scott  T-connected  precision  transformers 
which  yield  the  sine  and  cosine  of  the  Input  angle. 

In  addition  to  the  transformer  T,  a  bucking  voltage  transformer  1$  used 
for  synchro  signal  preconditioning.  Since  the  a-c  to  d-c  signal  conditioners 
require  a  single-phase  voltage  input,  the  converted  synchro  voltages  are  offset 
by  12.5  v,  converting  the  nominal  voltage  range,  l!.8  v  In-phase  to  il.6  out- 
of-phase,  to  a  new  range  of  0.7  to  24.3  v  In-phase.  By  recording  a  wider 
range,  0  to  25  v,  as  0  to  1000  counts,  assurance  Is  provided  that  Individual 
transformation  ratio  variations  from  one  synchro  to  the  next  will  not  result 
In  off-scale  voltage  signals.  The  offset  voltage  is  also  recorded  to  provide 
an  exact  null  point  definition  and  allow  precise  calculation  of  synchro  angles. 
Independent  of  expected  variations  In  excitation  voltage  or  synchro  trans¬ 
formation  ratio 

Variable  Reluctance.  10.45  to  15.55  v  -  This  signal  results  from  the 
unbalance  of  a  26-v  bridge  circuit  in  the  transducer  which  is  balanced  at  mid¬ 
scale.  Since  the  signal  conditioning  circuits  are  designed  to  operate  on  a 
zero  to  maximum  voltage  signal,  a  bias  voltage  Is  subtracted  from  the  incoming 
signal.  The  bias  voltage  shifts  the  range  of  the  Input  to  0  to  5.1  v.  An 
additional  precision  stepdown  transformer  provides  signal  Isolation  and  changes 
the  voltage  range  to  0  to  500  mv,  in  order  to  be  able  to  use  the  same  signal 
conditioner  as  the  other  variable  reluctance  transducers. 

VarJable  Reluctance,  0  to  500  mv  -  This  signal  is  obtained  from 
several  AIResearch-suppI ied  transducers.  These  are  b.-ldye  unbalance  devices, 
as  is  the  type  described  above;  however,  they  are  electrically  connected 
internally  to  provide  an  output  which  varies  from  0  to  500  mv  for  the  full 
range  of  input  values.  The  transducer  scale  factor  Is  defined  as  50  mv/v 
for  full  scale;  the  signal  data  translator  provides  an  excitation  voltage 
of  iO  v  which  gives  the  500  mv  full-scale  range. 

Resistance  Probe  Temperature  Sensors  -  T\xo  types  of  resistance  probes 
ere  used  for  temperature  sensing;  one  has  a  nominal  resistance,  of  50  chras,  the 
other,  nominally  90  ohms  at  0cC.  A  d-c  current  of  approximately  10  ma.  In  the 
case  of  the  50-ohm  probes,  or  5  ma  In  the  case  of  the  9G-ohm  probes,  provides 
an  output  within  the  five  volts  dc  Input  range  at  the  maximum  temperature  of 
the  required  ranges.  Series  precision  resistors  from  the  28-v  d-c  supply  to 
the  probes,  selected  to  deliver  the  desired  currents  into  the  known  maximum 
probe  resistances,  provide  simple  and  effective  means  of  converting  the  probes' 
temperature- res  I  stance  functions  into  usable  voltage  signals.  Due  to  the  finite 
source  impedance  feeding  each  probe,  the  current  through  the  proba  will  be 
partly  a  function  of  proba  resistance,  I.e.,  the  voltage  across  the  probe  will 
not  be  strictly  proportional  to  probe  resistance,  Xhe  relationship  Is,  however, 
defined  so  that  the  ground  computer  can  be  supplied  with  the  exact  temperature- 
voltage  function  foi*  each  proba  network. 
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To  make  these  temperature  probe  measurements  Independent  of  variations  in 
the  28  v  dc  supply  voltage,,  a  reference  signal  given  by  a  fixed  precision 
divider  from  the  28-v  d-c  supply  is  also  recorded. 

40Q-cp»  SI  era  Is  from  Comput«r/P Isoiav  -  Two  quantities,  EGT  and  T^,  , 

are  supplied  from  the  Computer/Di  splay  in  the  form  of  400-cps  signal  outputs 
from  buffer  amplifiers  through  transformers .  These  signals  are  handled  in  much 
the  same  way  as  the  500-mv  transducer  signals.  The  primary  difference  Is  that 
these  signal  circuits'  excitation  voltages,  which  determine  the  signal  scale 
factors,  are  supplied  by  the  Cempu ter/0 1  splay  unit,  rather  than  by  the  Signal 
Data  Translator.  To  avoid  possible  scale  factor  errors,  ar  excitation  reference 
signal  is  recorded  with  each  Information  signal.  The  exact  excitation  used  in 
the  Computer/Display  Is,  therefore,  known;  moreover,  the  signal  can  be  corrected 
for  variations  In  this  excitation  during  ground  computer  data  reduction. 

Potcntlome ters  -  All  potentiometers,  whether  located  in  the  Computer/ 
Display  or  externally  mounted  in  the  aircraft,  are  handled  electrically  in  the 
same  way.  Excitation  for  the  potentiometers  is  provided  from  the  same  supply 
as  the  ADC  reference  voltage.  The  resistance  ratio  output  of  the  potentiometer 
is  thus  converted  to  a  voltage  input  to  the  ADC  with  the  same  scaling  as  the 
ADC  reference. 

Tachometer  Signal  -  Since  the  low-pressure  spool  speed  is  not  used 
in  the  Computer/Display,  this  signal  must  be  conditioned  in  the  Signal  Data 
Translator.  However,  it  is  a  signal  of  precisely  the  same  form  as  the 
tachometer  input  to  the  Computer/Display ;  the  same  frequency  to  d-c  voltage 
conditioner  is  used  In  the  Signal  Data  Translator  as  In  the  Computer/Display, 
providing  a  d-c  voltage  to  the  AOC. 

Ca 1 1  bra  t ion  References  -  In  addition  to  the  true  information  channels, 
nine  words  in  each  l-sec  subframe  are  used  to  record  calibration  signals,  as 
a  continuing  check  on  the  accuracy  of  the  SOT.  Two  kinds  of  such  signals  are 
used,  d-c  and  a-c. 

Two  d-c  signals  are  obtained  directly  from  resistive  division  of  the  basic 
ACC  5-v  reference  supply.  One  'i  n  signal  voltage  of  I  percent  of  the 
reference,  in  order  to  check  pt  ;  ible  ADC  null  drift;  the  other  is  a  95-percent 
signal,  checking  ADC  scale  fact,  r  Between  these  two  signals,  the  accuracy 
of  the  ADC  is  verified.  A  third  d-c  signal  of  85  percent  of  full  scale  1$ 
derived  from  the  28-v  supply,  since  this  supply  is  used  to  deliver  xc  I  tat  Ion 
current  to  the  temperature  probes,  and  the  probe  excitation  current  is  pro¬ 
portional  to  this  voltage.  This  calibration  signal  is  to  be  used  as  a  scale 
factor  correction  on  all  temperature  probe  voltages. 

Two  a-c  voltage  levels  also  are  provided  at  the  Input  to  each  a-c  to  d-c 
signal  conditioner  during  each  l-sec  subframe.  These  are  94.4  percent  and 
I  percent  of  full  scale.  The  |-percent  signal  verifies  the  null  accuracy  of 
the  signal  conditioner;  the  94.4-percent  signal  verifies  gain,  or  scale  factor. 
Also,  since  the  a-c  signals  are  obtained  from  voltage  ratio  devices  which  are 
excited  from  the  aircraft  line  voltage,  and  s'lnce  this  line  voltage  will  fluc¬ 
tuate  with  time,  this  calibration  check  is  required  to  correct  for  line  voltage 
variations  as  well  as  possible  signal  conditioner  gain  errors. 
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k;  "  The  input  signals  and  preconditioning  circuits 

s  Rip l  >  y  the  signal  conditioning  problem.  The  submultiplexer  outputs  are  ail 
In  the  form  of  either  a  d-c  rlg-wl,  which  can  be  directly  connected  to  the  ADC, 
or  an  a-c  voltage  signal  with  a  range  from  zero  to  some  maximum  voltage,  with 
the  same  maximum  voltage  for  every  signal  which  connects  through  a  given  sub¬ 
multiplexer.  Each  signal  conditioner  Is,  therefore,  only  required  to  convert 
a  range  of  a-c  voltage  to  a  standard  range,  0  to  5  v,  of  dc.  This  is  accom¬ 
plished  by  operating  on  the  signal  successively  with  a  staple  fixed-gain  a-c 
amplifier,  a  precision  demodulator,  and  a  smoothing  filter. 

tog.! lilm  *  The  basic  amplifie  circuit  is  a  three-stage,  direct- 
coupled  amplifier,  utilizing  heavy  overalt  feedback  both  for  a-c  gain 
stability  and  d-c,  bias  stabilization.  The  gain  stability  is  approximately  0.2 
percent  over  a  wide  range  of  temperatures  up  to  the  maximum  temperature  re¬ 
quired. 


£gmpdulfl -  The  demodulator  circuit  switches  on  and  off  synchro- 
nous  y  with  the  400  cps  line  power.  The  circuit  has  very  little  low  tcmperatun 
drift  am*  contributes  an  error  of  0.05  percent. 

fill*!:  -  The  four-element  Bessel  filter  designed  for  these  signal 
condlt  oners  has  a  total  ripple  and  settling  time  error' below  0.1  percent. 

The  filter  has  four  reactive  elements  and  a  nominal  corner 


approximately  40  cps. 


frequency  of 


c-  Ip  lexers  -  All  of  the  analog  transducer  signals  ore  scanned  by 

six  submultiplexers  In  a  fixed  time  sequence.  Signals  with  the  some 
characteristics  are  scanned  by  the  same  submultiplexer. 

The  outputs  from  the  signal  conditioners,  as  well  as  the  signals  that 
were  already  In  the  0  to  5  v  dc  format,  go  to  the  multiplexer.  The  multiplexer 
samples  each  o  the  six  submultiplexer  output  signals  In  turn  In  a  fixed  time 
sequence.  T„e  .Multiplexed  signai  then  goes  to  the  analog- to-dlgl ta I  converter. 

,  ,.T!!VW,^Chi:9  «,ements  of  the  multiplexers  are  reed  relays  which  are  con¬ 

trolled  by  the  SOT  programmer.  The  relays  are  described  in  the  following 
paragraphs. 


i^fly  Or  Iyer  -  To  isolate  the  logic  and  counting  circuits  in  the 
programmer  from  the  voltage  pulses  associated  with  switching  the  relays,  which 
are  inductive  loads,  separate  transistors  are  used  as  relay  drivers*  This 
method  ensures  that  the  Inductive  voltage  spikes  likely  to  result  from  switch- 
i.-y  t..e  relay  coiis  wiii  not  cause  spurious  counts  or  erratic  switching;  also, 
•l  allows  the  logic  circuits  to  run  at  relatively  iow  power  levels. 
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Tlhe  relay  driver  circuit  accepts  a  logical  zero  (ground)  Input  from  the 
programming  logic  and  provides  a  ground  signal  to  one  end  of  the  relay  coll 
load;  the  other  end  of  the  relay  coll  Is  permanently  connected  to  the  positive 
voltage  supply.  Two  transistors  are  used  to  provide  the  required  current 
imil t Ipl (cation.  Both  are  operated  as  grounded  emitter  Inverter  stages.  The 
first  is  normally  biased  off  and  is  switched  on  by  the  HAND  gate  ground  signal 
to  command  the  relay  to  turn  on.  The  second  transistor  then  turns  on,  allow¬ 
ing  current  to  flow  through  the  relay  coll.  Although  the  HAND  gate  itself  Is 
designed  to  drive  only  a  I .5-ma  load,  the  current  multiplication  In  the  2- 
translstor  driver  circuit  readily  provides  the  approximately  60  ma  required 
by  the  2-pole  relays  in  the  submultiplexers. 

2rner  diode  protection  Is  used  to  limit  the  voltage  spike  produced  when 
the  coll  Is  switched  off  and  to  protect  the  coll  driver  transistor  from  over¬ 
voltage.  This  method  is  preferred  to  a  simple  shunt  diode  because  of  the 
faster  relay  dropout  time  it  provides. 

Switching  E lement  -  A  re^d  relay  consists  of  one  or  more  reed 
switch  elements  and  a  d-c  actuating  coll.  The  relay  contacts  are  hermetically 
sealed  in  a  glass  capsule  containing  an  inert  gas.  The  switch  elements,  or 
reeds,  are  made  of  a  nickel- Iron  alloy.  The  contact  surfaces  are  gold-plated 
for  this  application  to  provide  reliable  life  and  performance  for  switching 
the  low-level  sign-is  of  the  engine  analyzer  transducer.  The  coll  Is  provided 
with  a  magnetic  shield  which  improves  the  magnetic  circuit  and  Isolates  adjacent 
switch  assemblies  from  stray  magnetic  field  interactions  that  might  otherwise 
affect  pull-in  or  drop-out  characteristics. 

d.  Thumbwheel  Switches  -  The  thumbwheel  switches  are  rotating  devices 
which  display  each  digit  on  a  counter  drum  dial.  The  drum  for  each  digit  may 
be  rotated  individually  to  the  desired  number.  A  connector  at  the  back  of 
each  counter  wheel  provides  five  wires  which  give  an  electrical  BCD  representa¬ 
tion  of  the  digit  which  is  set  to  show  on  the  face  of  the  switch.  The  wires 
are  for  the  «,  u,  2,  and  I  binary  bits,  representing  the  digit  displayed,  and 
an  excitation  or  common  lead.  Wiper  contacts,  mounted  on  the  display  drum, 
travel  over  a  printed  circuit  card  with  the  rotation  of  the  drum,  and  succes¬ 
sively  connect  the  common  lead  to  the  various  output  bit  leads  required  to 
define  each  decimal  digit  in  turn.  The  logic  language  Is  a  closed  circuit  for 
a  one  bit  and  on  open  for  a  zero  bit.  As  described  in  the  programming  and 
sequencing  discussion,  (he  common  leads  of  the  20  thumbwheel  switches  are 
successively  energized  to  provide  commutation  between  the  switches  Ir.  the 
recording  sequence. 

e.  Analoq-to-Digi  tal  Convener  -  The  ana  log- to-d  I  gi  ta  I  converter  changes 
each  of  the  0-5  v  dc  signals  in  the  sequence  from  the  multiplexer  Into  numbers 
of  three  four-bit  digits  (binary-coded  decimal),  which  is  the  format  required 
by  the  system  recorder. 

The  ana  log- to-d I g i ta I  converter  is  of  the  voltage  ramp  type.  These 
devices  digitize  input  voltages  by  generating  a  time  period  as  a  function  of 
the  input  voltage  and  gating  a  counter  during  this  time  period. 
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The  components  of  the  system  ere:  (Fi 


gure  io) 


I.  A  voltage  ramp  generator  to  provide  a  signal  with  constant  rate  of 
change  of  voltage. 

2-  A  switching  network  and  steering  logic  to  condition  the  ramp  generator 
signal  and  input  voltage  for  the  zero  crossing  detector 

3.  A  zero  crossina  detector  to  provide  an  indication  of  the  zero  voltage 
and  the  input  Measured)  voltage  ramp  crossover  points 

4.  A  reference  power  supply  for  excitation  of  the  input  devices  and  to  pro¬ 
vide  a  reference  voltage  for  the  ramp  generator 

5.  A  gatable  8C0  Counter  for  conversion  of  the  time  period  to  a  BCD  output 

At  the  receipt  of  a  signal  at  the  reset  input,  the  ramp  generator,  switching 
networks,  and  counter  are  all  set  to  their  initial  state.  After  the  removal  of  this 
signal,  a  negative-going  voltage  ramp  is  initiated  by  the  ramp  generator.  The 
switching  logic  adds  the  input  from  the  ramp  generator  to  a  small  bias  voltage  to 
generate  a  voltage  which  starts  slightly  positive  and  progresses  toward  zero  This 
voltage  is  then  applied  to  the  zero-crossing  detector.  As  this  voltage  crosses 
zero,  the  detector  provides  an  output  to  the  steering  logic,  changing  the  state  of 
its  memory  element,  and  starts  the  counter.  The  switching  network  then  adds  the 
previously  generated  ramp  voltage,  which  is  now  zero  and  progressing  in  a  negative 
direction,  to  the  input  signal  and  resets  the  zero-crossing  detector  The  input  to 
the  detector  will  now  be  positive  by  an  amount  proportional  to  the  input  signal. 

As  the  voltage  ramp  progresses  in  a  negative  direction,  the  detector  input  will 
again  cross  zero,  providing  an  output  which  i$  used  to  stop  the  counter.  The  time 
the  counter  was  operating  is,  therefore,  directly  proportional  to  the  input  voltage, 
and  the  accumulated  count  is  a  digital  representation  of  the  input. 

f •  Signal  Gate  -  The  inputs  to  the  signal  gate  come  from  the  aircraft  switches 
and  the  thumbwheel  switches,  and  from  the  output  of  the  ana  log- to-d i g i ta 1  converter. 
According  to  timing  signals  received  from  the*  programmer,  the  signal  gate  selects 
the  output  word  from  either  the  ADC  or  the  switches,  and  either  the  hundreds,  tens, 
or  units  digit  of  the  chosen  word,  and  presents  this  digit  to  tie  NRZ(M)  converter. 

Parity  Generator  and  NRZ(H)  Converter  -  The  parity  generator  and  NRZ(K) 

"non  return  to  zero"  converter  receive  their  inputs  from  the  signal  gate.  The 
signal  gate  output  is  the  four  bits  associated  with  one  decimal  digit. 

The  parity  generator  uses  the  signal  cate  outputs  to  compute  even  parity.  If 
either  one  or  three  of  the  four  inputs  to  the  parity  generator  is  ONE  the  output 
of  the  parity  generator  will  be  a  ONE.  If  either  none  or  two  of  the  four  inputs 
to  the  parity  generator  is  ONE,  the  output  of  the  parity  generator  will  be  ZERO. 

The  NRZ(H)  converter  has  a  five  bit  register.  The  five  inputs  to  this 
register  are  the  four  bits  selected  by  the  signal  gate  output  and  the  output  of  the 
parity  generator.  If  the  input  bit  going  to  a  specific  flip-flop  in  the  register 
is  a  ONE,  the  flip-flop  will  change  state.  If  the  input  but  going  to  a  specific 
flip-flop  in  che  register  is  a  ZERO,  the  flip-fiop  will  remain  in  its  original 
state,  resulting  in  the  NRZ(h)  format  required  by  the  recorder. 
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Figure  13. 


Ana  log- tO-D I gi ta I  Converter 


48 


g.  Programmer  -  The  programmer  In  the  Signal  Data  Translator  controls 
all  the  required  time  sequencing.  It  controls  the  opening  and  closing  of  the 
mu ! 1 1 p lexer  and  submu 1 1 1 p I e  xe r  sw I tchcs ,  as  we II  as  pulsing  the  a na log- to- 
digital  converter,  and  the  signal  gate. 

System  Timing  -  The  programmer  generates  Its  timing  pulses  from 
the  720-cps  clock  frequency  output  of  the  Recorder;  the  data  sequence  presented 
to  the  Recorder  Is  spaced  directly  proportional  to  the  speed  of  the  tape, 
resulting  in  a  constant  data  density  on  the  tape. 

The  basic  recorded  frame  on  the  magnetic  tape  is  60  seconds.  There  are  57 
seconds  of  continuous  BCD  recording,  followed  by  3  seconds  of  blanking.  All 
Incoming  data  are  multiplexed  so  that  each  is  recorded  once  per  second  with  the 
exceptions  noted  In  Table  VI:  oil  pressure,  P0|j,  Is  only  recorded  once  every 
2  seconds,  and  the  thumbwheel  data  are  recorded  one  digit  each  second  for  the 
first  20  second  of  each  frame. 

During  each  I -second  subframe,  48  unique  inputs  are  selected  by  the  mul¬ 
tiplexer  and  submultiplexer  and  presented  to  the  ADC.  A  signal  time  period  in 
the  subframe  Is  i / 48th  second  or  approximately  21  millisecond.  A  time  period 
1$  Symbolized  in  the  following  discussion  with  a  colon;  for  example,  :I7  refers 
to  the  period  from  16/48  to  17/48  second  after  the  start  of  a  I -second  subframe. 

Some  of  the  programmer  timing  signals  are  used  to  close  one  of  six  multi¬ 
plexer  switches  and  simultaneously  closes  one  of  the  eight  six-pole  switches  on 
each  of  the  submultiplexers.  The  switching  sequence  makes  it  possible  to  select 
48  unique  data  channels  in  sequence.  This  is  done  in  48  time  periods  (Table  VIII). 

During  time  period  :0|  only,  data  for  recording  comes  from  the  thumbwheel 
and  aircraft  switch  Inputs.  During  this  time,  the  signal  gate  selects  digital 
data  from  the  switches.  During  time  periods  :02  through  ;48,  the  signal  gate 
passes  the  data  channeled  through  the  submultiplexer  and  multiplexer  and 
digitized  by  the  analog- to-di gi ta I  converter. 

The  following  sequence  of  events  occur  during  each  time  period  from  :02 
through  :48. 

Start  0  I ' s  BCD  triggered  from  ADC  register 

10  ns  Signal  to  swi tch  mul tiplexer  selection  to  next  channel 

1.5  ms  Multiplexer  switching  completed,  including  contact 
bounce  and  transients 

2-5  ^.5  ms  ADC  conversion  starts 

6.1  ms  ADC  conversion  cycle  complete 

6.94  ms  100's  BCD  triggered  f rom  ADC  register 
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15.88  ms  IQ's  01 na: y-Coded  Decimal  triggered  from  ADC  register 
End  20.82  ms  I's  Binary-Coded  Decimal  triggered  from  ADC  register 

Every  1/144  second,  a  four-bit  digit  enters  the  parity  generator  and 
NRZ(M)  conversion  unit.  The  four  date  bits  enter  the  output  registers  and 
s Imultaneously  set  a  parity  register.  Two  microseconds  after  the  Incoming 
data  arrives,  an  output  command-pulse  transfers  the  new  bits  to  the  recorder 
amplifiers.  The  data  presented  in  Figure  II  show  the  time  sequence  of  the 
Signal  Data  Translator  output. 

2. 2. 3. 2  Signal  Data  Translator  Modules 

The  Signal  Data  Translator  Is  assembled  tn  six  functional  modules:  (l) 
the  programmer,  (2)  the  analog-to-dlglta)  converter,  (3)  the  relay  module, 

(4)  the  signal  conditioner  module,  (5)  the  frequency -to-dc  converter,  and 
(d)  the  ptiwer  supply.  An  exploded  view  of  the  Signal  Data  Translator  showing 
thesa  modules  is  presented  as  Figure  14.  These  modules  are  designed  for  easy 
remove  1 . 

2. 2. 3. 3  Signal  Data  Translator  Self-Test 

The  circuitry  for  the  Signal  Data  Translator  self-test  Is  housed  In  a  box 
separate  from  the  SDT  chassis.  The  self-test  unit  Is  connected  to  the  Signal 
Data  Translator  through  the  connector  cn  the  SDT  front  panel,  shown  In  Figure  14. 

The  Signal  Data  Translator  self-test  checks  the  signal  conditioner, 
multiplexers,  and  the  analog-to-dlgital  converter. 

To  self* test  the  Signal  Data  Translator,  the  following  operations  must 
be  performed. 

a.  Set  the  switch  on  the  self-test  unit  to  Position  I. 

b.  Depress  the  self-test  unit  pushbutton.  The  iemp  on  the  self-test 
unit  should  light  within  1  minute. 

c.  Repeat  for  switch  Positions  2,  3,  and  4.  In  each  position,  the 
lamp  should  light  within  I  minute  after  the  pushbutton  Is  depressed. 

If  the  lamp  does  not  light  under  each  of  these  conditions,  the  Signal 
Data  Translator  is  malfunctioning. 
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A  schematic  wiring  diagram  of  the  SDT  self-test  circuitry  is  shown  in 
Figure  15.  The  circuit  performs  in  the  following  manner:  severe!  reference 
voltages  are  applied  to  the  Signal  Data  Translator.  Since  the  amplitudes  of 
these  voltages  are  known,  the  outputs  of  the  ana  log- to-dlg! ta i  converter  car 
be  computed.  For  each  of  the  reference  voltages  used  for  self-test,  the  most 
significant  decimal  digit  of  the  ana  log- to-d t g I ta 1  converter  output  is  examined. 
This  is  done  as  the  self- test  channel  is  being  scanned.  The  three  a-c  signal 
conditioners  and  one  of  the  d-c  channels  are  checked. 

A  three-pole,  four-position  switch  is  used  to  select  one  of  the  four  self¬ 
test  channels.  The  signals  that  operate  four  of  the  multiplexer  relays  are 
used  to  determine  when  each  of  the  four  self-test  signals  have  been  selected. 

The  2's  bit  and  I's  bit  of  "■he  AOC  output  are  the  same  for  all  four  tests. 
Therefore,  the  two  bits  associated  with  the  most  significant  decimal  digit  of 
the  ana  log- to-d I g i ta 1  converter  output,  the  8's  bit  and  the  4"s  bit,  are  con¬ 
nected  to  the  output  line  either  directly  oi  through  an  inverter.  The 
crcultry  Is  such  that  the  output  iine  will  always  be  high  whenever  the 
ana  log- to-d igital  converter  Is  correct.  If  the  pushbutton  switch  is  depressed 
when  the  output  line  is  high,  the  SCR  will  be  turned  on,  thus  lighting  the 
lamp. 

2.2.4  Recorder 


The  third  major  component  of  the  Engine  Analyzer  System  is  the  Recorder. 
The  Recorder,  shown  in  Figure  16,  produces  a  magnetic  tape  record  in 
standard  IBM  format  of  the  measured  engine  operation  parameters,  and  the 
variation  of  each  during  the  mission.  These  parameters  are  received  by  the 
recorder  from  the  Signal  Data  Translator  as  digital  NRZ(m)  signals.  The 
recorder  uses  u  reel  which  has  standard  IBM  type  hubs  and  can  record  for 
30  hr  on  one  reel  of  tape.  At  the  end  of  the  30-hr  period,  as  Indicated  by 
the  hours- rema Ini ng  dial  on  the  recorder  face,  or  whenever  the  operation 
history  of  the  engine  is  required,  the  tape  is  removed  and  processed  by  a 
computer  facility  utilizing  the  Engine  Analyzer  Data  Processing  Program;  this 
results  in  a  printout  of  the  operating  parameters,  trends,  etc.,  for  each  of 
the  flights  on  the  tape.  Table  IX  lists  some  of  the  important  features  of 
the  recorder  and  its  magnetic  tap*;  output. 

TABLE  IX 


SIGNIFICANT  RECORDER  AND  OUTPUT 
T'APE  FEATURES 


Tape  speed 

Time  per  decimal  digit  word 

Parallel  bits  per  word  and  parity 

Words  per  channel 

3-word  channels  per  second 

Words  per  inch 

Continuous  recording 

Blanking-gap 

Length  of  gap 

Tape  width 

Tape  length 

Total  recording  period 


0.259  in. /sec 
1/144  sec 
5 
3 
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556 

57  sec 
3  sec 
0. 8 1  9  in. 
0.500  in. 

2400  ft 
7'  v  hr 
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The  Recorder  consists  of  two  separable  units:  the  tape  magazine,  which 
contains  the  tape  feed  and  take-up  reeis  and  recording  hr  ads,  and  the  recorder 
base,  which  contains  the  electronics  and  the  ^»tor  and  t-pe  drive  mechanism. 

The  recorder  base  is  securely  rack-mounted  to  the  aircraft  In  the  air  turbine 
notor  (ATM)  compartment  behind  Access  Door  FF76.  The  tape  magazine  is  remova¬ 
ble  from  the  front  of  the  Recorder.  Both  units  are  separately  housed  in  dust- 
proof  and  humidity-resistant  enclosures.  The  tape  magazine,  which  also  serves 
as  a  transit  container  for  the  tape,  has  a  magnetic  shielding  liner  which  pro¬ 
vides  protection  against  spurious  external  magnetic  fields  up  to  a  magnitude  of 
50  gausses. 

2. 2.4. 1  Recorder  Theory  of  Operation 

A  functional  diagram  of  the  recorder  is  presented  as  Figure  17,  showing 
both  the  electronic  and  mechanical  portions  of  the  recorder. 

The  record  amplifiers  are  direct-coupled,  solid-state  stages,  providing 
constant  current  to  drive  the  magnetic  heads.  The  timing  reference  is  a  1440- 
cps  tuning  fork  oscillator  which  controls  the  tape  drive  motor  and  also  pro¬ 
vides  a  720-cps  clock  output  to  control  the  timing  of  the  SDT.  Power  supplied 
to  the  recorder  is  both  28  v  dc  and  115  v,  400  cycle  (single  phase)  ac-  The 
d-c  power  is  used  for  the  motor  drive  circuits  and  the  electronic  functions; 
the  a-c  power  drives  the  elapsed  time  indicator.  The  d-c  power  input  is  pro¬ 
tected  by  transient  suppressors  which  provide  smoothing  of  aircraft-generated 
trans lents . 

The  tape  transport  mechanism  is  a  capstan-driven,  reel-to-reel  device. 

The  tape  reels  are  mounted  on  the  same  axis  for  compactness,  with  the  supply 
(unrecorded  tape)  reel  mounted  on  the  bottom  and  the  take-up  (recorded  tape) 
reel  mounted  on  the  top.  Take-up  is  accomplished  on  the  take-up  reel  by  a 
capstan-driven  mylar  belt  driving  the  reel  through  a  pulley-clutch  combination. 
A  clutch  on  the  take-up  reel  compensates  for  the  changing  speed  required  as 
the  reel  fills  with  tape.  On  the  supply  reel,  hold-back  or  drag  is  maintained 
by  a  static  slip  clutch.  This  drag  prevents  spillage  from  the  supply  reel  as 
well  as  assuring  taut  guiding  from  reel  to  capstan.  The  capstan  shaft  is 
driven  through  a  multi-jaw  coupling  between  the  magazine  and  the  base.  Drive 
power  is  provided  by  a  60-cps  synchronous  motor  through  a  right-angle  gear 
reduction  designed  to  furnish  the  required  tape  speed  of  0.259  in. /sec. 

2. 2.4. 2  Recorder  Modules 

The  Recorder  is  designed  using  modular  concepts  for  ease  of  maintenance. 

2. 2.4.3  Recorder  Self-Test 

The  self-test  function  of  the  Recorder  is  actuated  by  the  self-test  pusn- 
button  on  the  front  of  the  recorder,  shown  in  Figure  16.  Initiation  of 
self-test  by  pressing  this  button  results  in  two  operations:  one  is  the 


55 


rn* 

Q  ► 

O — ► 

0  '  4  ***** 


Figure  17.  Recorder  Function*!  Diagram 


Illumination  of  the  Interior  of  tha  tapa  magazine  which  allows  the  motion  of 
the  tape  pressure  roller  to  be  observed.  The  recorder  drive  motor  Is  a  hyster¬ 
esis  synchronous  device.  This  operation,  then,  serves  as  a  test  of  the 
tape  transport  mechanism.  The  second  operation  Initiated  by  actuation  of  self¬ 
test  Is  a  check  of  the  recording  amplifiers  and  heads.  The  self-test  circuit 
samples  the  head  drive  current  In  each  channel.  If  saturation  current  Is 
present  at  each  of  the  record  heads  during  the  3-sec  blanking  gap  period  of 
the  SDT,  an  AND  gate  provides  an  output  which  causes  the  self-test  lamp  on 
the  front  of  the  recorder  to  light  steadily  for  a  3-sec  period  out  of  each 
minute.  Indicating  the  proper  functioning  of  record  circuitry. 

2.3  Description  of  F-4C  System 

The  F-4C  Engine  Analyzer  System  comprises  two  Computer/Displays,  one 
Signal  Data  Translator,  one  Recorder,  two  sets  of  transducers,  and  Intercon¬ 
necting  cables,  pneumatic  lines,  and  connectors.  A  complete  list  of  the 
transducers  Is  given  In  Table  X;  the  table  also  presents  salient  character¬ 
istics  of  the  system,  Including  the  part  numbers,  form-factor  and  weight  of 
each  of  the  major  system  components.  The  power  requirements  of  the  major  system 
components  are  Identical  to  those  for  the  F-I05D  system  (see  Table  II).  Appendix 
II  presents  complete  electrical  circuitry  schematic  for  the  system  components. 
2.3.1  Transducers 

The  system  Includes  a  set  of  transducers  which  measure  the  temperatures, 
pressures,  ON-OFF  switch  conditions,  fuel  flow,  and  speed  (rpm),  which  will 
Indicate  changes  of  the  engine  operating  conditions.  Tha  transducers  are  of 
the  following  types: 

1.  Variable  reluctance  transducers 

2.  Position  variable  resistance  transducers 

3.  Temperature  variable  resistance  transducers 

4.  pleasure  switches 

5.  Temperature  switches 

6.  Indicators  (EGT) 

7.  Tach -generators 

8.  Synchro  output  transducers  (EPR,  fuel  flow) 

9.  Relay  contacts  and  limit  switches 

A  list  of  the  transducers  used  In  the  F-4C  Engine  Analyzer  System  Is 
Included  In  Table  X.  This  table  Includes  the  weight  and  dimensions  of  major 
system  components.  In  addition  to  the  applicable  AIResearch  part  number  and  Air 
Force  Equipment  Reference  Number  (AERNO).  Succeeding  paragraphs  briefly 
describe  the  function  of  each  transducer. 
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TABLE  X 


F-4C  ENGINE  ANALYZED  SYSTEM  DATA 


System  Components 

Pert 

Number 

Size  (Inches) 
height  x  width  x  depth 

Weight 

(Pounds) 

Computer/Dl spley 

538254-2-1 

7  by  6.5  by  9.88 

IR.5 

Signal  Data  Translator 

538250- 1 -1 

5.5  by  5.25  by  12.5 

17.7 

Recorder 

538956 

5  by  1 1  by  1 1 

22.7  A 

transducers 

Afterburner  Switch* 

Anti -Ice  Switch* 

Boundary  Layer  Control* 

Swl tch 

Compressor  Discharge 

Pressure 

538947-1 

Compressor  Discharge 
Temperature 

538952 

Compressor  Inlet  Pressure 

538362-1-1 

Engine  Pressure  Ratio 

61-2484** 

Exhaust  Gas  Temperature 
Indicator 

538382 

Exhaust  Nozzle  Area  (Pot) 

538440-1-1 

Fuel  Flow  Transducer* 

Ignition  Switch* 

Inlet  Guide  Vane  (Pot) 

538442-1 -! 

Oil  Pressure  Switch 

538957 

«F-4C  engine  analyzer  system  uses  existing  aircraft  transducer 
**Air  Force  Equipment  Reference  Numbers  (AERNO) 

Alncludes  tape  and  reels 
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TABLE  X  (continued) 


System  Components 

Part 

Number 

Size  (Inches) 
height  x  width  x  depth 

Oil  Pressure  Transducer* 

Oil  Sump  Pressure 

536947-3 

Oil  Temperature  Switch 

536946 

Oil  Temperature  Transducer 

80ZI87-I 

Power  Lever  Angle 

538444-1-1 

Spool  Speed  (N)* 

1  Inlet  Total  Temperature 

60-1625** 

■•Engine  analyzer  system  uses  exlstln,  elrcreft  trensducer 
**Alr  Force  Equipment  Reference  Numbers  (AERNO) 


2.3.1. I  Afterburner  (A/B)  Switch 


The  afterburner  i  15-v  »-c  signal  to  Computer/DI splays  one  and  two  and  the 
Signal  Data  Translator  Indicates  that  the  A/B  switch,  actuated  by  a  rise  In 
fuel  pressure,  has  been  activated.  AIResearch  detection  system  Is  Isolated 
from  the  aircraft  afterburner  system  by  an  Isolation  relay. 

2. 3. 1.2  Ant  I -Ice  (A/l)  Switch 

The  antl-lce  l!5-v  a-c  signal  Indicates  that  the  A/I  switch  In  the  forward 
cockpit  has  been  activated.  The  wiring  diagram  of  the  A/I  system  Is  found  In 
Air  Force  Technical  Manual  T.O.  XF-4C-2-23,  page  5-41,  Figure  ?-(7. 

2. 3. 1.3  Boundary  Laver  Control  (BLC)  Switch 

The  boundary  layer  control  switch  provides  a  ground  signal  to  the  Engine 
Analyzer  System  that  Indicates  that  the  two  flap  conditions,  during  which  com¬ 
pressor  bleed  air  Is  used  for  boundary  layer  control,  are  In  effect.  The  two 
conditions  are  full-down  and  mid-way. 

2.3. 1.4  Compressor  Discharge  Pressure  (P  Transducer 

This  transducer  moasures  absolute  pressure  at  the  discharge  of  the  com¬ 
pressor.  The  transducer  Is  a  variable  reluctance  type  with  a  range  from  0  to 
300  psta.  The  transducer  output  voltage  varies  from  0  to  500  mv  at  400  cps 
for  an  Input  pressure  change  from  0  to  300  psla  with  a  load  of  20,000  ohms 
across  the  output.  The  output  signal  Is  supplied  to  the  Signal  Data 
Translator. 

2. 3. 1.5  Compressor.  PI scharga  Temperature  Transducer 

The  compressor  discharge  temperature  transducer  Is  a  variable  resistance 
element  made  of  platinum  wire,  and  has  a  temperature  range  of  -I00#C  to  -«-500eC 
with  a  nominal  resistance  of  50  ohms  at  0®C.  The  probe  tip  has  an  applied 
operating  pressure  of  0  to  500  psla.  The  output  Is  supplied  to  the  SDT. 

2.3. 1 .6  Compressor  Inlet  Pressure  (P£?)  Transducer 

The  compressor  Inlet  pressure  transducer  utilizes  a  servoed  force-balance 
sensor  and  provides  outputs  proportional  to  the  natural  logarithm  of  absolute 
pressure,  switching  action  occurring  at  certain  t Ime-rates-of -change  of  the 
logarithm  of  absolute  pressure,  and  a  voltage  proportional  to  absolute 
pressure. 


2. 3. 1.7  Engine  Pressure  Ratio  (EPR)  Transducer 

The  EPR  transducer  Is  a  pressure  ratio  synchro-style  thrust  transmitter 
(type  MK-2).  The  output  is  supplied  to  the  SDT  Scott  "T*  transformer. 


2.3. 1.8  Exhaust  Gas  Temperature  (EOT)  Transducer 

The  exhaust  gas  temperature  system  consists  of  existing  Ch rome I -A  1 ume 1 
thermocouple  probes  In  the  engine  that  actuate  a  single-point  null-balancing 
type  Indicator  In  the  cockpit.  The  Indicator  In  turn  provides  four  output 
signals  to  the  engine  analyzer.  The  four  outputs  are  two  pots  and  two 
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switches;  switch  "A"  closes  at  9$2#C  for  hot  start  and  switch  "B"  closes  at 
749cC  for  In-flight  overtemperature ; pot  "I"  Is  <s  log  function  of  EGT  and  pot 
"2"  Is  exponential  function  of  EGT. 

2 . 3 . 1 . 9  Exhaust  Nozzle  Area  (EHA)  Transducer 

The  exhaust  nozzle  area  transducer  consists  of  three  ganged  nonlinear 
pots,  two  5000-ohm  pots  and  one-IOOO-ohm  pot,  the  positions  of  which  are  pro¬ 
portional  to  ENA.  The  pots  aro  mechanically  connected  to  the  ENA  Teleflex 
nozzle  feedback  linkage.  Voltage  ratios  proportional  to  ENA  are  transmitted 
to  the  Computer/01 splay  and  to  the  Signal  Data  Translator. 

2.5.1.10  Fuel  Flow  (Wf)  Transdjcer 

The  fuel  flow  transducer  Is  a  remote  Indicating  synchro-style  rate  of 
flow  transmitter  (Type  T-CA).  The  synchro  outputs  feed  the  following: 

a.  An  Indicator  with  a  range  of  0  to  12,000  ppii  (Type  A-19)  In  the 
cockpit 

b.  A  control  transformer  In  the  Computer/Display  fuel  flow  servo 

2.3.1. 11  Ignition  Switch 

The  Ignition  switch  signal  Is  obtained  from  the  cockpit  Ignition  switch. 
The  complete  wiring  diagram  of  the  aircraft  system  Is  found  In  Air  forco  T.O. 
IF-4C,  Page  3-39,  Figure  3-16. 

2.3.1.12  Inlet  Guide  Vane  (IGV)  Transducer 

The  IGV  transducer  consists  of  three  ganged  nonlinear  pots,  two  rOOO-ohm 
pots  and  on*  1000-ohm  pot,  the  positions  of  which  are  proportional  t'  IGV 
position.  The  transducer  is  mechanically  connected  to  the  IGV  linkage  In  a 
manner  similar  to  the  feedback  system.  The  voltage  ratios  proportional  to 
IGV  position  are  transmitted  to  the  Compute //Display  and  the  Slgna*  Data 
Transducer. 

2.3.1.13  Cl  1  Pressure  Switch 

The  oil  pressure  switch  Is  a  differential  pressure-actuated  switch  used 
as  a  warning  device  to  Indicate  the  lo. s  of  turbl:oe  engine  lubricating  oil 
pressure.  The  switch  provides  a  ground  signal  to  the  Computer  Display  upon 
loss  of  o! 1  pressure, 

Tha  pressure  switch  has  a  pressure  and  vent  port  and  Is  actuated  by  the 
pressure  differential  between  ports.  When  oil  pressure  is  25  to  28  psld  and 
above,  a  diaphragm  In  the  switch  housing  maintains  the  switch  contacts  In  the 
open  position.  Whnn  booster-pump  pressure  drops  to  20  (±l)  psld  and  below, 
the  diaphragm  closes  the  switch  contacts,  providing  a  ground  circuit  to  the 
master  caution  control  box.  The  pressure  switch  operates  as  follows:  on 
Increasing  differential  pressure,  the  switch  will  open  the  circuit  at  '{ 3  to 
23  psld  and  or>  decreasing  differential  pressure,  the  switch  will  c'ose  at  20 
(±1)  psld. 
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2.3.1.14 


OH  Pressure  (P^)  Transducer 


The  oil  pressure  transducer  Is  a  synchro-style  pressure  transmitter  (MH5). 
The  output  signals  are  supplied  to  an  indicator  in  the  cockpit  and  to  the 
Signal  Data  Translator. 


2.3.1.15  011  Sump  Pressure  (PoI|sump)  Transducer 

The  oil  sump  pressure  transducer  is  a  variable  reluctance  output  type 
dlf ferentliil  pressure  sensor  which  Indicates  the  proper  functioning  or 
malfunctioning  of  the  engine  by  Indicating  the  common  sump  to  ambient  air 
differential  pressure. 


2.3.1.16  011  Temperature  Switch 

The  oil  temperature  switch  is  a  temperature-actuated  switch  used  for 
Indicating  excessive  oil  temperature  on  the  aircraft  engine  In  flight.  The 
switch  provides  a  ground  signal  to  the  Computer/Display  upon  excessive 
temperature  conditions. 

2.3.1.17  Oil  Temperature  (Tp|1)  Transducer 

The  oi !  temperature  transducer  is  a  clamp-on  and  adhes I ve-bonded  tempera¬ 
ture  transducer  used  for  measuring  the  oil  temperature  of  the  aircraft  engine 
In  flight.  The  transducer  output  Is  a  variable  resistance  signal  supplied  to 
the  Signal  Data  Translator. 

2.3.1.18  Power  Lever  Angle  (PLA)  Transducer 

The  power  lever  angle  transducer  is  a  single-turn  precision  linear 
variable  resistor.  The  output  goes  to  the  Signal  Data  Translator. 

2.3.1.19  Soool  Speed ilH)  Transducer 

The  spool  speed  transducer  N  is  a  miniature  electric  three-phase, 
two-pole  a-c  tachometer-generator  (CEU-7/A).  The  output  signal  goes  to  the 
Computer/Display  and  the  cockpit  indicators. 

2.3.1.20  Total  Temperature  (Tt2)  Transducer 

The  total  temperature  transducer  Is  a  dual-element  total  tempera¬ 
ture  probe  capable  of  operating  during  atmospheric  icing  conditions.  The 
dual  elements  are  platinum  wi re,  temperature-variable  resistors  which  have 
a  nominal  resistance  of  50  ohms  at  0°C. 
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2.3.2  Computer/D  I splay 

The  F-4C  system  employs  two  computer/displays,  one  for  each  engine  of  the 
F-4C.  These  units  perform  the  same  general  functions  as  the  F-105  computer/ 
display  and  are  Identical  to  the  latter  units  In  external  configuration.  The 
F-4C  computer/display,  as  described  In  the  F-105  system  description,  presents 
red-flag  Indications  when  any  of  several  engine  parameters  exceed  predetermined 
I Imlts. 

The  computer/display  for  the  left  hand  engine  Is  located  In  the  forward 
cockpit  In  the  left  aft  corner  above  tha  console.  The  computer/display  for 
the  right  hand  engine  Is  also  located  In  the  forward  cockpit  In  the  right  aft 
corner  just  above  the  carsole. 

2.3.2. 1  Computer/Dl5Plav  Operation 

As  In  the  case  of  the  F-105  system,  the  computer/display  mechanizes  test 
cell  and  thermodynamic  performance  parameters  to  provide  a  go/no-go  assessment 
at  shutdown  of  gross  engine  health.  The  tests  performed  are  the  same  as  listed 
In  Section  2.2.2. I  for  the  F-105. 

The  basis  for  and  mechanization  of  the  tests  for  the  F-4C  are  essentially 
tha  same  as  described  for  the  F-105  (Section  2.2.2).  The  principal  differences 
are  the  test  limits  employed.  The  test  conditions  and  limits  for  the  F-4C 
computer/d  I  spicy  are  shown  In  Table  XI.  A  signal  flow  diagram  and  functional 
block  diagram  of  the  computer/display  were  presented  earlier  as  Figures  6  and  7. 
These  diagrams  Identify  the  elements  peculiar  to  the  F-4C  computer/display  and 
study  of  the  diagrams  provide  a  working  knowledge  of  the  operation  theory  of 
the  compute r/d 1 splay. 

Tables  XII  and  XIII  show  the  inputs,  function  ranges,  and  slew  rates  for  the 
parameters  for  the  referred  fuel  flow  and  engine  temperature  ratio  computations. 

2.3.2. 2  Computor/01 splay  Modules 

♦ 

The  modular  construction  of  the  F-4C  computer/display  Is  Identical  to 
that  for  the  F-105  and  was  shown  earlier  In  Figure  7. 
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TABLE  XI 


COMPUTER/OISPLAy  FLAG  CHARACTERISTICS 


Slaw  start 


Fast  stop 


Referred  fuel  flow 


ondl tlon 


Engine  starting  cycle 
from  ignition  or 
rpm  to  50^  rpm;  locked 
out  thereafter 

Engine  shutdown 
50$  to  10^  rpm 

Steady- state  engine 
ope  re  t  *  -:  u,  non- 
af  terbiir.il  ng,  iwn- 
wa ter  injection 
ope  rot  I en 


Greater  than  55  sec 


Less  than  20  sec 


wi  „  -w;  t  >  o.to  w;  , 

f  ernes  f  ref  f  ref 


Engine  temperature 
ratio 


Steady-state  engine 
operation,  non- 
af teriurnlng,  non¬ 
water  injection 
operation 


ETh  me.s  -ETR  ref  >  006  ETR  ref 


High  EGT 
a.  Hot  start 


Eng'.ng  starting  cycle 
to  '>0$  rpm;  locked 
out  thereafter 


Greater  than  I800°F  (982°C) 


b .  Operation 


mwu  engine 

operation 


Greater  than  ISBOT  (749wCj 


Engine  overspeed 


a.  Han  1 mum 


b.  Norma  1 


Low  oi I  pressure 


Any  condition 
Any  cond  I  tlon 
Nj  greater  than  90$ 


High  oil  temperature  Any  condition 


Expended  hot  section 
factors 


EGT  greater  than 
I572*R  (600 


Greater  than  105$  N, 

Greater  than  105.6$  N*  for 
over  I  min. 

Less  than  21  ps id 

Greater  than  300° F  (U9°C) 

Accumulation 


TABLE  XII 


J79-GE- I5/F-4C  REFERRED  FUEL  FLOW  COMPUTER/DISPLAY 
INPUTS;  FUNCTION  RANGES,  AND  SLEW  RATES 


mm 

Slew 

Scale 

Input 

Source 

Range 

Rate 

Factor 

Wf 

i 

Fuel  flow  trans- 

200  to  12000 

HA 

Synchro  - 

mltter  Type  J- 

pph 

12.5  pph/deg 

6A,  per  MIL-T-6598 

to  3K  pph 

100  pph/deg 
above  3K  pph 

t: 

---- 

Al rf rime  total 

390°  to  1 |00°R 

HA 

Platinum  wl re 

*2 

temperature 

wl th  50  n 

probe,  NIL-P- 

resistance 

27723A,  MIL-S 
27108-2 

0cC 

538562-1-1 

1.2  to  36  ps  I  a 

Equl va lent 

Transducer 

to  Ln  P^ 

Rate  range 
in  I  min 

N 

— 

Aircraft  tach- 

0  to  120  per- 

ometer,  type 

R-8BG 

cent  N* 

f|(A.) 

Nozzle  area  po- 

Equivalent  to 

NA 

tent lometer 

2.0  to  5.0  sq 
ft 

f,oUGV) 

— 

IGV  potentiometer 

-16.5  to  +19.5 
deg 

NA 

— 

wf 

Computer/Display 

0  to  12,000 

2000  pph/ 

servo  repeater 

pph 

sec 

— 

Tt, 

Computer/Display 

390°  to  IIO0°F 

3°F/sec 

Isolation  trans¬ 
former 

— 

N 

Computer/Display 

0  to  120  per- 

25,000 

spool  speed  servo 

cent  N 

rpm/mln 

— 

Ln  N' 

Compute r/DI splay 

6000  to  8600 

Compa  1 1 b  1  e 

Ln  N*  servo 

rpm 

to  N  and 

T  rate 

t* 

RN1 

Compu te r /D 1 s p 1 a y 
RNI  servo 

0  to  0.6 

Compatible 
to  PtJ  and 

1—  ii.n 

I 


TABLE  XIII 


J79-GE-I3/F-4C  ENGINE  TEMPERATURE  RATIO  COnrUTER/BISFLAY 
INPUTS,  FUNCTION  RANGES,  AND  SLEW  RATES 


Inputs  Function 


'ti 

MA,) 


ft(IGV) 


Source 

Range 

Slew 

Rate 

Computer/0 Isp lay 
Isolation  trans¬ 
former 

390®  to  1 I00°F 

3.®F/sec 

EGT  Indicator, 
modified  MIL- I- 
27209-A 

700  to  2350®R 

Aircraft  tach- 

0  to  120  per- 

ome  te  r, 

Type  R-88G 

cent  N 

1 .2  to  36  psia 

— — 

Nozzle  area  po- 

Equivalent  to 

NA 

tentlometer 

2.0  to  5.0  sq 
ft 

IGV  potentiometer 

-16.5  to  +19.5 
deg 

NA 

Computer/Olsplay 
Isolation  trans¬ 
former 

390°  to  ! |00°R 

3°R/sec 

Transducer 

1.2  to  36  psia 

£r»tj  | urn  ] first 
to  Ln  P 

t* 

Rate  range 

In  1  min 

Compu ter/0 1  splay 

0  to  120  per¬ 
cent  N 

25,000  rpm/mln 

Computer/Olsplay 

6000  to  8600 

Compatible  to 

N  servo  repeater 

rpm 

N  and  T* 
rate  l« 

Computer/Olsplay 

0  to  0.6 

Compatible  to 

RNI  servo 

Tis 

rate 

I 


r 


e 


.laiouaojnsBf  tow 


2. 3. 2. 3  Computer /PI splay  Self-Test 

Computer/Display  Self-Test  Is  actuated  by  the  switch  In  the  upper  left 
corner  of  the  computer/d  I sp! ay  face.  Position  I  of  the  switch,  marked  NO 
TRIP,  simulates  a  normal  engine  operating  condition  In  the  compute r/d I  splay; 
none  of  the  flags  should  drop  during  this  phase  of  self-test.  Position  2  of 
the  self-test  switch,  marked  TRIP,  simulates  an  abnormal  operating  condition 
In  the  computer/display,  during  which  all  the  flags  must  drop. 

A  schematic  wiring  diagram  of  the  self-test  circuitry  Is  shown  In  Figure 
18.  When  the  self-test  switch  Is  turned  to  position  I,  NO  TRir*,  a  set  of 
Input  signals  corresponding  to  a  typical  engine  operating  condlt'on  Is  applied 
to  the  computer/display.  These  conditions  are  simulated  by  resistive  dlvdlng 
networks.  As  mentioned  above,  none  of  the  computer/display  flags  should  drop. 
Position  2  of  the  self-test  switch,  TRIP,  applies  a  set  of  signals  correspond¬ 
ing  to  an  abnormal  operating  condition.  This  Is  simulated  by  an  Improper  spool 
speed  signal  for  the  other  operating  conditions.  This  abnormal  condition  will 
trip  both  the  high  consumption  flag  and  the  high  engine  temperature  ratio  flag. 
The  remainder  of  the  flags,  which  are  switch  operated,  are  tripped  by  tne 
position  2  self-test  circuitry.  All  the  flags  should,  therefore,  trip  when 
the  self-test  switch  Is  In  position  2. 

2.3. 2.4  Computer/bi  splay  Calibration  Adjustments 

The  controls  for  the  calibration  adjustments  which  adapt  the  computer/ 
display  for  englne-to-englne  variations  and  for  transducer  variations  are 
the  same  as  for  the  F-105  (Section  2. 2. 2. 4). 

2.3.3  Signal  Data  Translator 

The  characteristics  and  operation  of  the  F-4C  signal  data  translator 
are  Identical  to  those  of  the  F-105  except  for  Inputs. and  outputs.  The 
characteristics  of  the  Inputs  to  the  F-4C  SOT  are  specified  In  Tables  XIV 
and  XV.  The  format  of  the  F-4C  SOT  output  Is  as  shown  In  Table  XVI.  For 
all  other  aspects  of  the  operation  of  this  unit,  refer  to  Section  2.2.3. 
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I*— 4C  SIGNAL  DATA  TRANSLATOR  INPUTS 
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TAH  OA>"I»C  L0C1C  HO  DATA  TO  M  *!C»DtO 


not  reproducible 


TABLE  XVI 

TIME  SEQUENCE  OF  SDT  OUTPUT 


f  4C  (J79  ENGINE) 


THIS  TA#U  SHOWS  WHAI  SIGNALS  A*L  ?0  It  NICONMO  In  CACH  I/4ITH  SECOND  TINC  SLOT 
PUNING.  AN  INURE  HlNUtl  THE  SIGNAL  PATHRN  SS  1MNTICAL  IN  CACH  SUCCESSIVE  H1NUVI. 


W^WMHl  <►#{*  CKANACTt* 

UONUTUOIMAl  PAN  1  TV)  ONE  CHMAfTf*  TIKI  ONI  V 
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;TAJ»C  GAPPING  LOGIC  NO  OAT*  TO  •£  AECOAOCD; 


In  addition,  all  submodules  requiring  calibration  can  be'  calibrated  end  checked 
by  the  simulated  Inputs  provided  by  the  calibrator.  Any  combination  of  the 
Computer/Display,  Slgi^l  Data  Translator,  or  Recorder  may  be  operated  simul¬ 
taneously.  Appendix  III  presents  the  electrical  circuitry  schematic  of  the 
ground  calibration. 

With  the  exception  of  the  GFAE  tachometer  tester  TTU-27/EC,  the  exter¬ 
nally  supplied  cables  and  holding  fixture,  all  simulated  Inputs,  and  all  read¬ 
outs  required  are  contained  within  the  baste  unit. 

External  equipment  Is  necessary  only  during  troubleshooting;  the  external 
equipment  needed  is  a  Tektronix  oscilloscope  Model  555  or  equivalent  and  an 
a-c  voltmeter,  Hewlett-Packard  Model  400H  or  equivalent.  The  calibrator  Is 
contained  in  one  chassis  and  requires  only  H5-v,  400  cps,  3-phase,  and  28-v 
d-c  power  to  furnish  flight  line  or  shop  level  test  capability  for  the  analyzer 
system.  The  calibrator  provides  all  the  power  necessary  to  drive  any  portion 
of  the  engine  analyzer  system  under  test.  The  alternating  current  supplied 
to  the  various  components  of  the  calibrator  and  to  the  component  being  tested 
is  accurately  controlled  by  a  self-contained  3-phase  Variac.  Provisions  are 
included  for  an  external  adjustable  d-c  power  supply  whenever  variable  direct 
current  Is  required. 

A  block  diagram  of  the  Ground  Calibrator  is  shown  In  Figure  20.’  The 
outputs  which  the  calibrator  furnishes  for  the  Computer/Display  checkout  pro¬ 
vide  stimuli  which  can  be  varied  over  the  entire  range  of  the  Computer/Display 
functions.  The  calibrator  simulates  the  switch  Inputs  to  the  Computer /Display, 
such  as  high  oil  temperature,  by  furnishing  the  required  ground  or  28-v  d-c 
signal;  the  variable  functions,  such  as  P(  ,  are  simulated  by  potentiometers. 

For  checks  of  spool  speed  over  the  range,  a  GFAE  tachometer  tester, 
Consolidated  Airborne  Systems  TTU-27/E,  is  used  In  conjunction  with  the  cali¬ 
brator.  Testing  of  parameters  other  than  spool  speed  is  all  done  at  one  of 
three  discrete  rpm  values  for  N:  50  percent,  85  percent,  or  |00  percent. 

The*,  values  supplied  to  the  Computer/01  splay  are  tuning-fork  controlled  for 
max I mum  accuracy. 


Fuel  flow  Input  Is  provided  to  the  Computer/Display  by  a  synchro.  Vari¬ 
able  over  the  fuel  flow  range,  the  synchro  1$  adjusted  by  a  synchro-positioner. 

A  self-contained  ratlometer  Is  used  to  check  fuel  flow  and  spool  speed 
signals  from  potentiometers  on  the  respective  servo  shafts  In  the  Computer/ 
Olsplay.  The  calibrator  contains  a  Dekatran  to  check  the  total  temperature 
and  exhaust  gas  temperature  signals  from  the  transformer  windings  In  the 
Computer/!?! splay.  A  se !f-conta!ned  transistorized  a-c  VTVM  Is  used  for  null 
Ind  Icstlon. 


A  switch  Is  provided  for  the  Computer/Display  elapsed  engine  time  Indicator. 
This  allows  verification  of  proper  Indicator  operation,  after  which  the 
indicator  Is  switched  off  to  prevent  the  accumulation  of  Indicated  engine  time 
during  ground  testing. 
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Provisions  arc  Included  In  the  calibrator  for  testing  the  Computer/01  splay 
spool  speed  module  and  the  servo  module.  Energizing  dc  and  a  spool  speed 
signal  are  provided  to  the  N  module  for  Its  checkout.  A  highly  accurate 
adjustable  d-c  signal  is  provided  to  simulate  the  N  converter  and  directly 
drive  the  chopper  in  the  spool  speed  loop.  The  calibrator  provides  to  the 
servo  module  the  necessary  power,  a  fuel  flow  signal  to  the  Wf  control  trans¬ 
former,  and  signals  for  the  Reynolds  number  Index  and  N*  servo  follow-up 
potentiometers. 

All  Inputs  to  the  Signal  Data  Translator  are  fixed  signal  points  simulated 
by  resistive  dividers,  tapped  transformers,  switches,  and  fixed  resistors. 

The  gains  on  each  Input  are  staggered  to  detect  any  shorts  between  channels. 

The  staggered  points  also  provide  an  Indication  of  the  linearity  of  the 
Individual  active  elements.  Provisions  for  the  calibration  of  the  analog-to- 
dlgltal  converter  module  are  Included.  A  readout  panel  is  provided  which 
presents  the  number  and  output  of  the  channel  being  checked.  Frame  number 
Is  also  presented  to  allow  stepping  through  20  48-channel  frames  to  check 
each  of  the  thumbwheel  switch  outputs.  The  channel  and  frame  advance  functions 
gate  a  free- running  oscillator  to  the  Signal  Data  Translator  clock  Input. 
Internal  calibrator  logic  counts  the  output  pulses  to  provide  the  SDT  with  the 
required  number  of  pulses  for  channel  and  frame  advance. 

To  check  the  recorder,  the  calibrator  provides  a  9-v  signal  to  each  of 
the  recorder  Inputs,  In  addition  to  the  required  power.  A  test  point  from 
each  of  the  record  heads  Is  brought  out,  and  the  VTVM  In  the  calibrator  Is 
used  to  see  that  there  Is  current  of  sufficient  magnitude  and  proper  phase 
flowing  In  each  head.  The  720-cps  clock  signal  Is  also  checked  by  the 
calibrator  by  means  of  a  small  electronic  counter  and  meter. 

2.4.1  Calibrator  Sub-Units 


The  ground  calibrator  Is  physically  arranged  In  five  separate  panels 
which  are  shown  In  Figure  2|.  Each  panel  and  its  accompanying  chassis  is 
cons !  dc  red  sn  !  nd !  y  5  dufi  1  subun  1 1  of  "the  co  I !  b  Lc  r «  THo  sop  pjns !  !  s  she 
power  supply  subunit;  the  second  Is  the  ratlometer;  and  the  third  contains  the 
SDT  readouts  and  the  controls  for  stepping  through  the  channels  and  frames 
of  the  SDT.  The  chassis  of  the  fourth  panel,  which  Is  blank,  holds  the  logic 
cards  for  the  SDT  readout  circuitry.  The  bottom  panel  Is  the  switching  panel 
and  contains  the  controls  for  the  parameter  simulation  that  the  calibrator 
supplies  to  the  Engine  Analyzer  System.  On  the  lower  right  side  of  the  cabinet 
are  the  connectors  for  the  power  required  by  the  calibrator,  and,  behind  a 
hinged  door,  are  the  connectors  for  the  system  components  and  modules. 


(•awn  ui 
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description  of  each  panel  follows. 


a.  Power  Panel — The  power  panel  controls  the  28-v  d-c  and  115-v,  400- 
cps,  three-phase  power  for  unit  checkout.  The  panel  contains  meters  for  moni¬ 
toring,  control  switches,  pilot  lights,  adjustments,  and  fusing  for  the  2fr-v 
d-c  power  and  the  three-phase,  IIS-v  a-c  power.  The  fuses  have  pilot  lamps 
which  light  when  a  fuse  blows.  There  Is  a  four-position  control  switch  for 
both  the  d-c  and  a-c  supplies. 
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Figure  21.  Ground  Calibrator  Face 
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The  a-c  power  switching  arrangement  Is  Identical  to  the  d-c  switching. 

The  ac,  In  addition,  is  adjustable  by  means  of  a  three-phase  Variac  and  a 
trim  adjustment  for  the  A-phase.  The  ac  Is  monitored  by  pilot  lights  for  each 
phase  and  an  expanded- scale  voltmeter  which  can  be  switched  to  each  phase  or 
to  monitor  the  n- ohase  trimming.  Each  phase  Is  fused  for  2  amps.  The  "OFF" 
positions  remove  power  from  the  units  completely.  The  ’’STANDBY"  position 
supplies  power  to  the  ratlometer,  readout,  and  the  logic  panels  only.  The 
"PRIMARY"  position  supplies  power  to  the  Computer/Display  for  checkout  of 
"essential"  circuits  only.  The  "SEC"  position  supplies  the  power  required  by 
the  modules,  any  combination  of  Compute r/D I  splay,  Signal  Data  Translator,  and 
Recorder. 

The  d-c  voltmeter  is  used  to  monitor  the  28-v  d-c  bench  supply,  while  the 
expanded  scale  a-c  meter  monitors  the  three-phase  output  of  the  three-phase 
adjust  Variac  by  means  of  the  phase  monitor  switch.  The  "A0  TRIM"  control 
acts  as  a  vernier  on  the  A-phase  voltage  when  the  Signal  Data  Translator  Is 
being  tested.  This  control  adds  or  subtracts  a  small  voltage  from  the  A-phase 
and  Is  monitored  on  the  a-c  meter  when  the  "PHASE  MONITOR"  switch  Is  In  "A# 
TRIM"  position,.  Front  panel  fuses  anti  power  lamps  are  also  provided. 

Accessory  power  connectors  are  located  on  the  rear  of  the  chassis  with  access 
through  the  rear  cabinet  door. 

b.  Rat lometer--The  ratlometer  Is  an  ESI  model  4000-3182  which  functions 
both  as  a  ratlometer  and  digital  voltmeter.  All  controls  for  operation  are 
located  on  the  front  panel.  Inputs  to  the  ratlometer  are  controlled  by  the 
"HATIOMETER  SELECTOR"  switch  located  on  the  switching  panel. 

c.  Readout  Pane  I --The  readout  panel  contains  all  the  control  circuitry 
for  the  various  operational  modes  of  the  Signal  Data  Translator  and  a  visual 
readout  device  which  displays  the  individual  channel  readouts  (000  to  999), 
the  channel  !.0  to  48)  and  frame  counts  (Ol  to  60).  A  separate  power  switch 
and  fuse  are  provided.  The  "Sync"  switch  (which  must  be  depressed  at  the 
start  of  each  checkout)  is  used  to  synchronize  the  calibrator  to  the  Signal 
Data  Translator. 

The  channel  "ADV1  switch  will  advance  the  Signal  Data  Translator  one 
channel  each  time  it  is  depressed.  The  readout  and  channel  will  visually 
appear  in  the  readout  window.  The  channel  "SLEW"  switch  permits  rapid  access 
to  any  of  the  48  Input  channels. 

The  frame  "ADV"  switch  will  advance  the  Signal  Data  Translator  one  frame 
(48  channels)  each  time  It  Is  depressed.  The  number  of  the  frame  will  visually 
appear  in  the  fre  ■*  readout  window.  The  frame  "SLEW"  and  "CONT  SLEW"  switches 
permit  rapid  access  to  any  of  the  60  frames  during  testing  or  troubleshooting. 

A  block  diagram  of  the  readout  logic  Is  presented  in  Figure  22,  The 
channel  and  frame  advance  switches  gate  free-running  600-cps  and  800-cps 
oscillators,  respectively,  to  the  counter  logic  and  the  SDT.  When  the  required 
number  of  pulses  for  the  desired  advance  have  passed,  the  clock  gates  are 
closed  and  the  frame  and  channel  number  are  digitally  displayed.  The  SDT  out¬ 
put  is  read,  converted  from  non-return-to-zero  to  decimal,  the  parity  computed, 
and  then  displaced. 
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Ground  Cal Ibrator  SOT  Readout 


d.  Logic  f  we  I --The  logic  panel  converts  the  HR2  logic  output  of  the 
Signal  Data  Translator  Into  decimal  form  which  drives  the  visual  display  r-.- 
ths  resdout  panel.  Operator  control  Is  provided  by  the  readout  panel. 

e.  Switching  Pane  I --The  switching  panel  provides  the  simulated  inputs 
and  required  readouts  for  the  modules.  Signal  Data  Translator,  Recorder,  and 
Computer/0 1  splay.  Each  control,  beginning  left  top,  left  to  right,  will  be 
discussed  below. 

The  "SOT  Power  Output"  lamps  "AC,"  "DC,"  and  "CRD,"  Indicate  that  proper 
power  Is  available  from  the  SDT  for  driving  the  recorder. 

The.  eight  lamps  labeled  7.5  percent  through  105  percent,  check  switch 
closure  when  the  Computer/Display  "N  Servo"  module  is  being  tested  or 
cal Ibrated. 

The  "Lamp  Test"  switch  Is  a  self-test  of  the  eight  lamps  previously 
described . 

The  "Ratiometer  EXT1'  and  "10V  REF"  jacks  allow  external  use  of  the  ratio- 
mater  when  the  "Ratiometer  Selector"  Is  In  "EXT"  position. 

The  "Ln  PJ2  (I  and  2J,"  "IGV  (Ln  F!°  and  Ln  F*),"  "ENA  (In  f,  and  Ln  f4>" 

"Ln  EOT"  and  "Expended  Life"  are  10-turn  precision  potentiometers  used  to 
simulate  Inputs  to  the  Computpr/Dlsplay. 

The  "NULL"  meter  Is  used  with  the  "AC  RATIO"  ratlotran  when  reading  the 
Inputs  shown  for  the  "Recorder,"  "SDT,"  and  "CD"  on  the  "Function  Selector" 
swl tch. 

The  "Recorder  Frequency"  Is  a  self-contained  digital  counter  which  checks 
the  Recorder  clock  frequency  during  Recorder  testing. 

7U*  (a  ..  j  HD-1  f  .  _  I .  _  .  n  .  ...  I  _  _  _  a-L—  IlIP 

•  m«  neuvuin  anu  vi  iu^c  icai  mi  iuw  caiciiia  i  use  u>  uk  nv 

Ratio"  ratlotran  and  "NULL"  meter  when  the  "Function  Selector"  is  In  "EXT" 
position. 

The  "AC  RATIO"  ratlotran  Is  a  five-place  a-c  voltage  divider  used  to 
read  out  all  positions  shown  on  the  "Function  Selector"  switch  except  N{  and 
RNI  positions.  In  these  two  positions,  retioed  voltages  are  supplied  to  the 
NJ  and  RNI  servo  modules  for  calibration  of  the  Vf,  Ni,  RNI  servo  module. 

The  "Tj.  Sim"  Is  a  precision,  five-place  resistive  network  designed  to 

simulate  the  totel  temperature  probe  during  Computer/D  I  splay  checkout  and 
cal Ibratlon. 

The  "N  Servo  Command  and  ADC  Input”  simulator  Is  a  precision,  five-place 
resistive  divider  used  to  provide  d-c  voltage  ratios  when  testing  either  the 
Computer/Display  "N  Servo  Module"  or  the  SDT  "ADC"  module.  Its  use  Is  con¬ 
trolled  by  the  "N  and  ADC  IN"  positions  of  the  "Ratiometer  Selector"  switch. 
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The  Wf  simulator  Is  a  precision  10-turn  Acton  positioner  driving  a 

synchro  which  simulates  fuel  flow.  The  output  is  used  by  the  Computer/DI splay, 
and  the  Nj,  RNI  Computer/Olsplay  servo  module. 

The  "Function  Selector"  switch  selects  and  routes  the  Inputs  and  outputs 
of  the  "AC  RATIO"  ratlotran  and  "NULL"  meter.  When  testing  the  Recorder, 
positions  I,  2,  4,  8,  and  P  read  out  acceptable  limits  of  recorder  head  currents 
on  the"NULL"  meter.  At  each  position,  the  "Recorder  Test"  switch  Is  actuated 
from  "A"  to  "8"  position.  This  checks  that  the  record  amplifiers  provide 
current  reversals.  Positions  El,  E2,  E3,  and  E4  are  used  to  measure  the  a-c 
transducer  excitation  on  the  "AC  RATIO"  ratlotran  and  "NULL"  meter  when  testing 

the  SOT,  Positions  "EGT  and  T_  REF"  and  "EGT  and  T_  OUT"  are  used 

•I  Tj 

to  measure  the  C/D  outputs  to  the  SOT  on  the  "AC  RATIO"  ratlotran  and  "NULL" 
meter  when  testing  tta  Computer/DI splay.  The  remaining  three  positions  were 
discussed  under  "AC  RATIO"  ratlotran. 


The  "SOT  SWITCH  INPUT"  switch  simulates  aircraft  switch  functions  as 
Indicated  on  the  switch  plate.  These  arc  used  when  testing  the  Signal  Data 
Trens 1 a tor. 


The  "Ratlometer  Selector"  selects  all  Inputs  for  the  ratiometer.  Nt  and 
Ln  Nj  are  used  during  N  module  calibration.  W^,  Ln  W^,  RWX  (fs  and  f?),  and 

Nt  (f|  and  fs)  are  used  during  calibration  of  the  Wf,  RNI,  N{  servo  module. 

Positions  were  previously  discussed  under  "N  Servo  Command"  and  "Ratlometer", 
respectively.  "N  Volts"  Is  used  to  monitor  the  N  rate  lockout  signal  during 
Computer/Olsplay  checkout.  The  "ADC  VOLTS"  Is  used  to  check  the  5-v  d-c 
reference  when  calibrating  the  ADC. 

The  "N  FREQ  SIN"  provides  three  precision  frequency  points  for  checkout 
of  the  SOT  and  C/D.  An  "Ext"  position  Is  provided  to  use  the  GFAE  TTU-27/E 
tachometer  tester  as  a  test  input. 
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All  connector  receptacles  are  located  on  the  switching  panel  chassis  and 
are  accessible  through  an  access  door  on  the  lower  right  side  of  the  calibrator 
cabinet. 


In  addition  to  the  front  pene)  controls  described  previously,  the  chassis 
contains  all  the  simulated  Inputs  for  the  SOT.  These  Inputs  consist  of  fixed" 
gain,  preclsion-cal Ibrated,  resistive  dividers,  transformers,  and  resistors. 

The  characteristics  of  each  arc  described  in  Tables  XVII  and  XVIII  undar  Accuracy. 

2.4.2  Simulator  Characteristics  and  Accuracy 

The  important  characteristics  and  accuracies  for  all  the  simulated  Inputs 
required  by  the  Engine  Analyzer  System  are  tabulated  below.  These  are  divided 
Into  two  groups  f.l )  front  pene!  variable  functions  which  have  been  previously 
described  and  are  used  mostly  for  Computer/Display  checkout  and  calibration; 
and  (2)  the  fixed-gain  simulated  Inputs  for  SDT. 
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TABLE  XVII 


FRONT  PANEL  FUNCTION 


Function. 

Device 

Accuracy 

Comnent 

0-c  power 

Meter 

*$ 

A-c  power 

Meter 

0*3$  FS 

Expanded  meter 
cal Ibrated  at  t 15  v 

Ratio 

Ratlomcter 

±0.0$fyll  scale 
plus  0.002$  per  °C 
from  25°C 

* 

0-c  vol tage 

Ratlometer 

*0.01$  ful 1  scale 
plus  0.002$  per  °C 
from  23*C 

* 

Readout  and  logic 
panel* 

Olgi tal 

No  error 

PT2d) 

IOT  potentiometer 

*0.1$  FS 

- 

pT2  W 

IOT  potentiometer 

±0.1$  FS 

- 

Ln  EOT 

IOT  potentiometer 

±0.1$  FS 

«• 

Expended  life 

IOT  potentiometer 

±0.3$  FS 

m 

EGV  LnflO 

IOT  potentiometer 

±0.2$  FS 

- 

IGV  Lnf 9 

IOT  potentiometer 

±0.3$  FS 

- 

ENA  Lnf2 

IOT  potentiometer 

*0.1$  FS 

- 

ENA  Lnf6 

IOT  potentiometer 

±0.1$  FS 

- 

Null 

Mater 

±0.5  mv 

- 

Recorder  freq 

Digital  circuit 
and  meter 

0. 1$  at  720  cps 

- 

A-c  ratio 

Ratlotran 

±0.002$  FS 

- 

Tt  SIM 

Deltas  tat 

±0.5*R 

- 

ABC  input 

Dekastat 

±0,1$  FS 

- 

TABLE  XVII  (continued) 


mmmm 

Device 

Accuracy 

V,  SIM 

Synchro  end 

±0.2  deg 

post  tloner 

N  FREQ  SIM 

Tuning  fork 

±0.02)6  of 

oscl 1 lator 

f requency 

TABLE  XVIII 


FIXED  SDT  FUNCTION 
(INTERNAL  TO  CALIBRATOR) 


Function 

Device 

Fixed  Output 
or  Gain 
Settlno  _ 

Wf  No.  1 

Resistive 

Divider 

0.010 

Wf  No.  2 

Res  1 s  1 1 ve 
Divider 

0.120 

Ag  No.  1 

Resistive 

Olvldcr 

0.140 

Ag  No.  2 

Res  1 s  1 1  ve 
Divider 

0.160 

Ag  No.  2 

Res  1 s  1 1  ve 
Divider 

0.160 

PLA  No.  1 

Res  1 s  1 1 ve 
Divider 

0.500 

PLA  No.  2 

Resistive 

Olvldcr 

0.520 

IGV  No.  1 

Resistive 

Divider 

0.540 

I6V  No.  2 


Resistive 
01 vldtr 


0.560 


Setting 
hUHTKl  , 

•±0.2)6  ind 
±0.2>  Ind 
*0.2%  I  no 
*0.2#  Ind 
± 0.2 t  Ind 
tO. Ind 
±0.1)6  Ind 
±0.1)6  Ind 


±0.1)6  Ind 


TABU  XVIII  (continued) 


Fixed  Output 
or  Gain 


Sparc  CH  26 

Resistive 

divider 

0.570 

*0- lit  Ind 

Spare  CH  92 

Res  1 s  1 1 ve 
divider 

0.580 

*0.1*  FS 

Tol.  *>'  ' 

Res Istlve 

0.50 

±0.1*  FS 

To! 1  No*  2 

Resistor 

0. 1  "50 

±0.1*  FS 

Hj  J75 

Tuning  fork 

95  cps 

±0-2-  of 

occi 1 lator 

63  cps 

70  cps 

frequency 

point 

N2  J75 

Res Istlve 
dl vider 

0.900 

±0. 1  Ind 

N  J79  No.  1 

Res Istlve 
divider 

0.920 

±0.1*  Ind 

N  J79  No.  2 

Resistive 
dl vider 

0.940 

±0.1  Ind 

PT2  No.  1 

Res Istlve 
divider 

0.960 

±0.1*  Ind 

Pr2  2 

'’Resistive 

divider 

A  ftOrt 

V  •  *  ry 

6A  a  dL  » _ 1 

— W ■  |  /■  8  IIU 

COT  No.  1 

Resistor 

0.099 

±0-2*  FS 

COT  No.  2 

Resistor 

±0.2*  FS 

EPR  No.  1 

Transformer 

EZ  120  deg 

±0.25*  Ind 

EPR  No.  2 

Transformer 

EZ  240  deg 

±0.25*  Ind 

Poll  Ho-  ' 

Transformer 

EZ  0  deg 

±0.25*  Ind 

Pol.  *>•  2 

Transformer 

EZ  300  deg 

±0.25*  Ind 

TAQI  r  VlfTf  f  f  A _ *.  I  „  _  *\ 

inuufc  A?4ii  \ vwiv  i nueg ; 


Pcd  Ho.  . 

Transformer 

0.450  v  ac 

±0.25*  Ind 

Pcd  2 

Transformer 

0.225  v  ac 

±0.25#  ind 

P0  ol t  Mo*  1 

Transformer 

0.045  v  ac 

±0.35#  ind 

POoll  Mo*  2 

Transformer 

0.005  v  ac 

±0.5#  Ind 

P0  oil 

Transformer 

12.95  v  ac 

±0.25#  ind 

Spirt  CH  47 

Transformer 

0.450  v  ac 

±0.25#  ind 

TT2 

Transformer 

4.50  v  ac 

±0.25#  ind 

TT2  out 

Transformer 

2.50  v  ac 

±0.25#  Ind 

EGT  No.  •  rtf 

Transformer 

4.50  v  ac 

±0.25#  ind 

i 

} 

EGT  No.  1  out 

Transformer 

5-25  v  ac 

±0.25#  Ind 

EGT  No.  2  ref 

Transformer 

4.50  v  ac 

±0.25#  Ind 

EGT  No.  2  out 

Transformer 

1 .25  v  ac 

±0.25#  Ind 

APPENDIX  I 


CIRCUIT  SCHEMATICS  FOR  F-I05D 
ENGINE  ANALYZER  SYSTEM 
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0°C 

iO.25* 


Figure  24.  Compressor  Discharge  Temperature  Transducer 
(P/N  533952)  Circuit  Schematic 
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Figure  28.  011  Temperature  Transducer  (P/K  538950) 

Circuit  Schematic 
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Figure  29.  Power  Lever  Angle  Transducer  (P/N  538444-1-1)  I 

Circuit  Schematic  « 
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APPENDIX  II 

CIRCUIT  SCHEMATICS  FOR  F-4C 
ENGINE  ANALYZER  SYSTEM 
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Figure  SI.  Compressor  Discharge  Temperature  Transducer 
(P/M  538952)  Circuit  Schematic 
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Figure  35.  Inlet  Guide  Vane  Transducer  (P/N  53P'«'2-I-I ) 
Ci rcuit  Schematic 
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Flour*  36.  Oil  Pressure  Switch  (P/N  538957) 
Circuit  Schematic 
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Figure  39.  Oil  Temperature  Transducer  (P/N  C02I87-I) 
Circuit  Schematic 
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